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Triple-alloy steels containing Nickel offer designers the | Service records established by triple-alloy steels over : 
following triple advantages: period of years show that they are giving excellent r 


sults in many diverse and exacting applications. 
1 OUTSTANDING PERFORMANCE —Strength and 
. 


, The large number of standard compositions available 
toughness, resistance to wear, fatigue or shock to meet 


including the 4300, 8600, 8700, 9300 and 9800 series 
permit accurate and economic selection for specific uses 


2 RELIABILITY—based on consistently uniform re- Because of their many advantages, these triple-alloy 
* sponse to heat treatment. 


a wide range of requirements, as dictated by design. 


steels warrant your careful consideration when plannin: Ci 

3 ECONOMY ~— resulting from standard compositions new or improved designs. We shall be glad to furnis! , 
* precisely graded to match the engineers’ needs. counsel and data upon request. 
mM 
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SECURING THI ACCEPTANCE of 
electronic control by industry during the 
next few vears will not be a simple task, 
despite the many successful and fascinating 
accomplishments of electronics during the 
war. Introducing anv fundamentally new 
juipment into the general industrial mat 
ket is always difficult, 


a technical development like elec 


and this is especially 


tonic motor control that must be applied 
vith care. Engineers who are considering 
whether or not to apply electronic motot 
control to their products may find the dis 
n that follows later in this article help 


Tul in evaluating relative factors such as size, 


heating, efhciencv, and noise 
Like most new developments, clectronic 
controls for industrv have been overpubli 


cized and to a degree this is true of electronic 
ontrol. The real problem of product 
rs is to determine just when to use 
nic motor control so that the improve 
ment in overal] performance warrants its use. 


Electronic control may add to the sales 
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Ss. S. WOLFF 


Chief Engineer, Century Electric Company 


A progress report on electronic control based primarily on recent 


engineering tests of a | hp. unit. Performance characteristics, motor 


heating, and noise are typical of the factors discussed on a relative 


basis. Oscillograms show current and voltage conditions existing in 
the motor for different load conditions at 60, 1,200, and 3,600 r.p.m. 


appeal of a product or machine, but in ad 
dition the user must gain operating advan 
tages that are greater than any disadvantages 
introduced. Manufacturers that attempt to 
create a new demand for an existing machine 
by the addition of electronic control must be 
careful that such a drive is economically 
sound to prevent doing themselves more 
harm than good. 

Ever since the introduction of alternating 


current as the source of power for industrial 
drives there has been a demand for an a. 
system that provides the flexible speed con 
trol of the d.c. motor. The most generally 
used method is the variable voltage system, 
with an a.c. to d.c. motor generator set sup 
plying power to a d.c. motor. With this sys 
tem, constant voltage is supplied to the field 
circuit of the motor and adjustable voltage 


to the armature circuit. The degree of speed 
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Fig. |—Production was substantially increased on this bor- 
izer by replacing the single speed a.c. driving motor by 


electronic motor control. Previously, castings were ma- 
chined at the same speed regardless of their size, but elec- 
tronic control now drives the borizer at the best speed for 
the particular size of casting being machined. (A) The 
drive for this boring machine essentially consists of a d.c. 
motor, a cabinet with panel-mounted rectifiers and control 
tubes, an anode transformer, and a control station. (B) Many 
of the components of the electronic control are mounted on le 
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Armature the back of the panel, which swings out from the cabinet 
Speed selector for easy inspection and maintenance. (C) Simplified schem- F 
Motor <0 all atic of the electronic motor control. A throwover switch ig. 
in the selector and sequence control unit makes it possible rent 
to operate the borizer manually from the pilot pushbutton mot 
O | Pilot pushbutton station or automatically by limit switches on the machine at 
FIG.1(C) se a, tool. At predetermined intervals, the limit switches control oy 
Step the grid bias on the rectifier tubes supplying the armature ae. 
and field in such a manner that the speed of the spindle instr 
changes with the diameter of the part being machined. 4 
reduction possible with this method is lim- with grid controlled thyratron rectifiers and than electronic tubes, it does not have at tt 
ited usually by the residual voltage of the auxiliary control tubes, an anode transformer, _ practically instantaneous speed of respons 
generator. Where extremely low values of | and a control station, as shown by Fig. 1. vacuum tubes. In addition, a mgh degre F 
voltage are required, such as in passenger Since the power rectifiers for the armature sensitivity can be obtained by galvanomceter fe 
elevator operation, a tapped potentiometer and field circuits are separate they can be operated relays; and with the wide varicty 0! ated 
method of generator field control can be varied independently of each other. Elec tubes and circuit elements available encless with 
used. tronic control can supply the motor with combinations can be used to change the 
The electronic control system is similar to fixed field voltage and adjustable armature motor characteristics by remote control 
the motor generator set except that the voltage; or for greater range of speed, with hese advantages plus the resulting st Fi 
conversion from a.c. to d.c. is done by a _ both adjustable armature and field voltage. speed control make the electronx 9. 
rectifier tube. The conventional electronic Although a motor generator set is more often more desirable. put 
control drive includes a d.c. motor, a panel sturdy and withstands overloading better However, against these advantages wey 
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be balanced other factors such as cost, 
maintenance, and certain technical limi- 
tations. 

Compared to a motor generator set with 
necessary control, the first cost of the elec- 
tronic control is 15 to 50 percent more, de- 
pending upon the features required. Like- 
wise the d.c. motor used with electronic 
control is larger and more expensive than a 
motor of the same horsepower but supplied 
from a motor generator set. Not only first 
cost, but upkeep of the electronic control is 
usually higher. ‘The maintenance of a motor 
generator set involves lubrication, replace- 
ment of brushes, commutator cleaning and 
trueing, and similar well understood tasks 
that any good mechanic can do. However, 
the complexity of the electronic control cir- 
cuits requires the service of a specially 
trained technician. 

The following explanation and analysis of 
test data on a 1 hp. motor with constant 
torque characteristics from 1,200 to 60 
r.p.m. and constant horsepower characteris- 
tics from 1,200 to 3,600 r.p.m., may clarify 
some engineering factors that may be helpful 
when considering the use of electronic 
motor control. Fig. 2 shows some of the 


equipment and connections used in making 
the tests. 

At low speeds, the heating of the elec 
tronically controlled motor is increased con 
siderably because the d.c. supplied by the 
rectifier tubes is pulsating, not constant. 
Also, ventilation is reduced. Fig. 3 shows the 
increase in heating of the armature and fields 
of a d.c. motor when operated by electronic 
control as a percentage of the corresponding 
heating at the same horsepower outputs 
when supplied with d.c. from a motor gener 
ator set. These data are for single phase 



















economical for a 1 hp. unit. On large: 
motor applications that can economically us¢ 
polyphase rectification, the difference in 
heating is not as great as that shown in 
Fig. 3 and the relative cost of the motors 
is correspondingly reduced. 

Within the permissible temperature lim 
its, Fig. 4 shows the horsepower output of a 
d.c. motor when operated by rectified a.c. 
as a percentage of the horsepower available 
when the same motor is operated by d.c. 
from a motor generator sct. 

The wave shapes of the rectified a.c. sup 


wave rectification which is the most plied to the armature and field circuits at 
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motor when operated on rectified a.c. 
at different speeds were obtained by 
test. (A) View of the testing equipment; 
a.c. values were read from switchboard 
instruments and are not shown in photo- 
graph. (B) Values of voltage or cur- 
rent were recorded by the oscillograph 


at the five points shown. 


Fig. 3—Relative increase in armature 
and field heating when motor is oper- 
ated by electronic control as compared 
with operation from d.c. power. 


Fig. 4—Curves comparing motor out- 
put on the basis of permissible tem- 
perature rise when operated on d.c. 
and by electronic control. 
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Fig. 5—Oscillograms showing voltage and current condi- 
tions of the | hp. motor for full load and no load at differ- 
ent operating speeds. Each oscillogram shows: |. Voltage 
across the interpole winding; 2. voltage across armature 
circuit; 3. current flowing in armature circuit; 4. voltage 
across the shunt field; and, 5. current flowing in shunt field 


various speed settings are shown in Fig. 5 
by the various oscillograms. 

Where heavy sustained overloads are en 
countered the motor gencrator set has ad 
vantages over the clectronic control. Since 


the rectifier tubes are relatively expensive 


regulation is possible. ‘This is done by com 
pensating for the resistance drop in the 
irmature circuit and results in about two 
percent speed regulation from full load to 
no load at the 1,200 r.p.m. base speed. This power factor for a polyphase squirrel 


regulation increases as the motor speed is 


circuit. Fig. 2 (B) shows placement of the five oscillograph 
elements. (A) Conditions existing with the motor operating 
at full load and at base speed of 1,200 r.p.m. (B) No load 
and 1,200 r.p.m. (C) Full load (constant torque) at 60 
r.p.m. (D) No load at 60 r.p.m. (E) Full load (constant 
horsepower) at 3,600 r.p.m. (F) No load at 3,600 r.p.m. 


] ] + 
relative values because these curves are for a 
single-phase repulsion-induction motor 
inherently low power factor, and in making 


comparison with polyphase rectification the 


motor should be used 


they are sclected and applied to carry the decreased but the control provides adjust It is difficult to make a comparative an 


full load current of the motor on a con ment within certain 
tinuous duty cycle basis. Although the tubes that can be incorporated in the electronic 
are capable of carrving a peek current of control include dvnamic_ braking, reversing 


about 200 percent of rated current for short 


periods of time, if this overload continues 


) 


for even one-third of a minute serious over ess because its overall 


limits. Other features 


service, overload and low voltage protection 


Operating cost of the electronic unit is 


ilvsis of the cost of maintenance of the two 
th, 


svstems. In electronic control the ot 
tubes, condensers, and resistors is quite high 
and their life is variable. To assure long life 


of the tubes, the applied voltage should be 


efficiency is higher maintained within plus or minus five pet 


heating of the tubes results. ‘To prevent than that of the motor generator set, as cent of rated voltage. With motor generator 
dangerous overheating the grid voltage auto shown by Fig. 6. Electronic controls using — sets the voltage variation can be plus 01 


matically controls the maximum current that polyphase 


ctincation 


show even greater minus ten percent without impairing the 


the motor can draw relative savings. The power factor of the operation of the unit, and even greater varia 
g g 

Electronic control has an advantage over motor gencrator set is better than that of the — tions can be tolerated intermittently without 

the motor gencrator sect because within the — electronic unit as shown by Fig. 7. Poly serious difficulty. As progress is made in the 


full load limits of the system closer speed 


phase rectification would give about the same 


art, tubes with longer life and of more en 
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Fig. 6—Curves comparing the overall efficiency of a | hp. 
motor operated by electronic control with the same motor 
operated on d.c. supplied from a motor generator set. 
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Fig. 7—Curves comparing the power factor of a | hp. 
motor operated by electronic control with the same motor 
supplied with d.c. by a single-phase motor generator set. 
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during construction probably wil! be de- 
veloped. 

Motor noise is another factor that may be 
important when considering electronic con 
trol. A great many studies have been made 
and much written on the physiological and 
psychological effect of noise on the efficiency 
of workers. As a result, purchasers of elec 
trical machinery are becoming increasingly 
noise conscious and manufacturers of elec 
tric motors are making every effort to reduce 
noise toa minimum. Quietness of operation 
is rapidly becoming a requisite of good motor 
design. 

The human ear is sensitive to sound en- 
ergy ranging in frequency from approximately 
60 to 8,000 cycles per second. Variations in 
intensity depend upon the individual, his 
age, physical condition and similar factors. 
Although the normal ear does not respond 
equally to all frequencies, it is most sensitive 
to values in the proximity of 2,000 c.p.s. and 
becomes less sensitive at both lower and 
higher values. 

In conducting tests on electronically con 
trolled motors it was observed that noise and 
vibration were appreciably greater when oper- 
ating on rectified a.c. than when the same 
motor was operated on d.c. power. Although 
the difference in noise levels was not very 
great when both the armature and field were 
excited at rated voltage, there was an advan 
tage in favor of d.c. operation. This advan 
tage diminished as the field was weakened 
while the armature voltage was held at its 


rated value. As the field strength was re 
duced, the speed of the metor increased until 
the ventilating fan noise became the pre 
dominating factor. 

To eliminate any noise emanating from 
the loading devices, sound measurements also 
were made on the motor when operating at 
no load. When operating at no load with 
rated voltage on the field and reduced volt 
age on the armature, d.c. showed a definite 
advantage. At the minimum speed at 60 
r.p.m., or 1/20 of the 1,200 r.p.m. base 
speed, the sound pressure on rectified a.c. 
was approximately five times as great as on 
d.c. power. On some applications this noise 
would be definitely objectionable. On other 
applications, where the general noise level is 
already high and little importance is at 
tached to the separate elements, the motor 
would be acceptable. 

The sound spectrum of the 1 hp. motor 
when operating on rectified a.c. and when 
using a motor generator set as the source of 
d.c. is shown in Fig. 8. Three conditions are 
illustrated: First, with the motor operating 
on rectified pulsating d.c. at 1,200 r.p.m. 
with no load applied; second, with the motor 
operating under similar conditions but sup 
plied with continuous d.c.; third, with th« 
motor running on rectified pulsating d.c. at 
60 r.p.m. and no load. 

An analysis of this kind is helpful in de 
termining which harmonics of a complex 
sound wave are strongest and must be re 
When_ this 


duced to quiet a machine. 


motor was operated from continuous d.c. at 
60 r.p.m. and without load, no noise could 
be measured above the level of the room and 
hence no analysis could be made. In all of 
the above tests the surrounding noise level 
was at least the customary ten decibels below 
the measured noise. ‘These analyses and the 
wave shapes shown in Fig. 5 indicate the 
effect of electrical design and the wave 
shape of the power supply on motor noise. 

Ihe factors producing noise are also in 
strumental in producing vibration. When a 
motor is to be mounted directly on a ma 
chine tool where vibrations cannot be toler 
ated the motor must be designed with this 
in mind, or a mounting must be used to 
absorb the vibrations. As the 
speeds of any 


range of 
particular 
this problem becomes more acute. 
Although there has been considerable re 
search work done with electronic control of 
motors relatively little has been published. 
Ihe reason probably is not because the in 


motor imcreases 


formation is a trade secret, but because en 
gineers are reluctant to disclose results of ex 
periments until sure that findings of today 
will not be obsoleted by the progress of to 
However, perhaps the electronic 
control industry should not wait for perfec 
tion, but instead by progress 


IOTTOW. 


reports expose 
Like all 
new developments, electronic motor control 
will eventually find its economic place in in 


the path the development is taking 


dustry provided engineers will continue to 


apply it only where it pays its own way. 


Fig. 8—Sound spectrum of a | hp. motor for different conditions of load 
and speed comparing d.c. operation with electronic motor control. 
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Fig. |—(A) Sub-surface defects, which occur in cast materials, can be detected by radiographic inspection; most of them 
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can be avoided by good design and foundry practice; (B) Failures of bearing races as the result of out-of-round housings 
often can be prevented by relieving the bearing bores at the parting lines of spit housings; (C) Excessive deflections and 
failure by the designer adequately to specify the heat treatment were responsible for the failure illustrated by this opinion. 


Practical Considerations That Affect 


Gear Durability in Speed Reducers 


KENNETH N. MILLS 
Consulting Engineer 


Principles and practices underlying the design of gears for speed reducers, including a 


discussion of the factors that influence gear life. Practical methods of evaluating these 


factors in design use are presented. Typical failures of gears are illustrated and analyzed. 


lL 1k. DESIGN of geared speed reducers is 
1 combmation of science and experience. 
Because of the complex and variable nature 
of the 
performan ¢ 


loads and _ stresses influencing the 
of gearing, all the factors that 
iffect gear durability cannot be included in 
1 standard gear life formula or design code. 
I’xperience must be ygelied upon for the eval 
uation of some of the factors. For this rea 
son, conventional formulas for the design 


358 


of gears apply only to tooth durability and 
tooth proportions 
Other 


a geal 


factors that influence the life of 
train are the gear blank, its web 
shaft, 
shafting deflections, housing cleanliness, out 


design, mounting on housing and 
of-round bearings, torsional deflections, de 
fective heat treatment, area of tooth con 
tact and others. No wav has been discovered 


to determine the influence of all of these 


factors separately, but an evaluation of th 


can be made thorough the 


performance under actual service conditiot 
Most designers neglect many of the f 
tor altogether. While this practice is sat 


factory 


it is not always safe design for high-spee 


study of 


in the design of low-speed geal 


gears and in gearing for machine tools. 


Gear Briank. The design of the gear b! 
is a factor in both gear life and operati 


Propuct ENGINEERING - 


May, | 








m 


hi 








noise level. Load distribution over the 
length of the tooth and the load distribu- 
tion between teeth are influenced by the 
construction of the blank as well as by the 
accuracies with which the teeth are gen 
erated and the gears are mounted. ‘The 
gear blank, as well as the teeth, deflects 
under service loads; it may warp from 
residual heat-treating strains; and it may 
allow the tooth profile to be displaced dur- 
ing the cutting process under cutter loads. 
The conditions producing the last type of 
distortion can be eliminated by proper care 
during the cutting operation. The responsi- 
bility for care during cutting should be 
shared by the designer and the machine 
operator because the operator may not vis 
ualize all of the adverse effects of the cut 
ting loads. 

Ihe gear blank can be cast or forged. 
The process sclected affects the range of 
blank designs that can be considered. The 
cast blank offers a great range of possibilities 
although it has the disadvantage of being 
subject to the types of sub-surface defects 
common to cast materials. Most sub-surface 
defects can be eliminated by good design 
and foundry practice. ‘They can be detected 
by radiographic inspection. Forged gear 
blanks have the advantage of being rela 
tively free of hidden defects although the 
forging process limits flexibility of design. 
In some cases these limitations will dictate 
the use of large, apparently unnecessary, 
quantities of metal to gain the desired 
rigidity. 


Housinc Creanuiness. There are several 
manufacturing details relating to the gear 
housing that can directly or indirectly in- 
fluence the life of the gears. One of the 
most important is housing cleanliness. ‘The 
gears and gear housing must be thoroughly 
cleaned by grit blasting before they are 
machined. ‘The cleaning operation must re- 
move all scale and sand from the exposed 
surfaces of these parts. If this foreign mate 
rial is not removed, it may become dislodged 
in service and by abrasion destroy the gears 
and bearings. 

Painting the housing surfaces without 
cleaning does not give adequate protection 
against the dislodgment of foreign matter. 
The paint fails and dirt enters the lubricant. 
Unpainted housings are likely to rust. Dur 
ing the operation of the speed reducer, this 
tust becomes dislodged from the surface of 
the housing and enters the lubricant. As 
tust is an abrasive, it causes premature 
bearing failures. Rusting is caused by the 


SHart Dervecrions. Lack of rigidity in 
the shafting carrying gears can cause un- 
equal load distribution across the gear face. 
A shaft which is designed to operate within 
a safe stress range can deflect sufficiently 
to cause dangerous concentrations of tooth 
load and thereby cause the gear to fail 
through tooth wear or tooth breakage. This 
condition is most likely to occur when 
heat-treated alloy steel shafting is used be- 
cause the allowable working stresses are 
higher so that for a given section a greater 
deflection results from the increased load. 

In analyzing shaft deflection in gearing, it 
must be remembered that these deflections 
fall in three distinct classes and have three 
different effects. The first class is the linear 
deflection, the second class is the slope 
deflection, and the third class is the torsional 
deflection. If a gear is located in the center 
of the shaft span and is subjected neither to 


an axial load nor to external deflection 
loads, it is apparent that its movement 
would be linear. This movement would 
cause an increase in the center distance, but 
would not disturb the tooth load distribu 
tion materially. 

If the gear location on the shaft is such 
that the shaft deflection tends to rotate 
the center line of the gear from its static 
position, slope deflection prevails. ‘This type 
of deflection tends to concentrate the tooth 
load on one side of the gear face, thereby 
reducing the life of the gear. The effects 
of torsional deflection are most noticeable in 
pinions. If the pinion is weak in torsion, 
the tooth load will be concentrated on the 
power input side of the pinion. This con- 
dition will reduce the life of the gear train. 

Deflections can be controlled by shaft size, 
shaft span between bearings, gear locations 
on the shafting, and helix angles. For 
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Fig. 2—(A) The H-arm construction has 


maximum resistance to distortion and 


blank deflection per pound of material. It is not suitable for forging. (B) The 
center-web type is used for both cast and forged gear blanks. 
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[ direction under load 

hem moisture in the air condensing on the walls L : Y 

el of the gear housing. : (8) Yd — 

— Ihe severity of rusting is dependent on bE HW 

ine the design of the housing venting system. 

sites The most pronounced rusting condition’ Fig. 3—(A) Resistance to deflection by the center-web type can be increased 

© od will be found in housings, which are made _ either by a thicker web or by ribs as shown. (B) Rim of center-web type, which 

its without vents, and the least adverse rusting has tendency to distort in the manner indicated under heat-treatment, can be 
conditions will be found when the housing — prevented by greater rim thickness and by choice of material of suitable hardness. 

plank is fitted with large vents located in the (C) Where rim section is small compared to span between spokes, rim may dis- 

ating highest section of the gear housing. tort as shown by dotted lines or even break through under heavy loads. 
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herringbone and spur gearing, all of these 
factors, with the exception of helix angles, 
can be used to control deflection. 

Deflections can be avoided to some extent 
in single helical gearing by choice of the 
hand of the helix angle in relation to the 
direction of rotation. A typical example of 
controlling deflections by controlling the re- 
lationship between the hand of the helix 
and the direction of rotation is shown in 
Fig. 5. For rotation in direction A the de- 
flections in the intermediate shaft that re- 
sult from the forces produced by the large 
gear add to the deflections produced by 
the axial components of the pitch line load 
on the two opposed single helical gears. 
When the gear train is rotated in the op 
posite direction, these deflection forces are 
opposed and the resultant deflection is re 
duced. 

Another common type of failure related 
to shaft design is shown in Fig. 6. This 
shaft failed at a shoulder where the sharp 
corner caused an increase in the stress con 
centrations. The chemical composition of 
the material used in the gears and pinions 
can have a great effect on the service ren 
dered by the gear train. Also, the heat 
treating practices used in hardening the 
material will have an effect on the perform 
ance of the gear train. Surface hardness as 
measured by any one of the conventional 
hardness testing instruments will not give 
a true indication of the desirability of the 


less than those in the carbon steel shaft. 
The degree of difference will depend on the 
size of the part and the property of the alloy 
steel to harden. The advantage of the alloy 
steel increases as the size of the shaft in 
creases. Since warpage of a gear blank can 
cause a departure from ideal tooth contact, 
alloy steels can offer some relief from this 
condition when it is necessary to use con 
structions that are subject to distortion after 
cutting. 

Impact Srrencru. Basically, alloy steels 
have another advantage—higher impact 
strength. The usual methods for measuring 
impact strength use specimens which con- 
tain notches. These specimens are ruptured 
with a falling weight and the impact is meas 
ured by recording the amount of energy 
absorbed in rupturing the specimen. Since 
a notched specimen is used, this test is in 
reality a measure of the resistance of the 
material to crack propagation. As fatigue 
failures always start at a crack or a cleavage 
plane, the impact strength of a material is 
in reality a measure of the practical re 
sistance of the material to fatigue failure. 

In a paper by G. O. Riegel and F. F. 
Vaughn, Practical Application of — the 
Notched-Bar Impact Test, A.S.T.M. Svm 
posium On Impact Testing, June 1935. 
service failures in tractor gearing were cor 
related with impact strength. The data 
given in the paper indicate that when im 
pact strength is low gear failures could be 





Table I—Physical Properties of Alloy Steel Pinions Before and After a Second 
Heat-Treatment in the Laboratory 





Tensile Yield 


| Strength, Point, 
Heat- | Ib. per Ib. per 
lreater sq. in. sq. in. 


Manufacturer... 151,000 134,000 
Laboratory oar 161,000 142 ,500 
Manufacturer ..| 144,000 128 ,000 
Laboratory 145 ,000 145 ,000 


Elonga- Reduction Izod Brinell 
tion, in Area, Impact, Hardness 

percent percent ft.-lb. No. 
a 53.9 24 32] 
6.0 55.5 58 321 
13.5 49.7 17 293 
17.0 56.8 58 293 





material for use in gearing for, surface hard 
ness is a measure neither of the degree of 
freedom from residual heat treating strains 
nor of the impact strength of the material. 

The same surface hardness can be pro 
duced in a small shaft of plain carbon steel 
that can be obtained with a medium carbon 
alloy steel. Both steels can be heated to 
a temperature above the upper critical tem 
perature, oil quenched, heated to some other 
temperature below the critical temperaturc 
range and air cooled. In the alloy steel 
shaft, the temperature to which the steel is 
heated after quenching to give the sam 
hardness as that obtained in the carbon steel 
shaft will be much greater. As a result of 
the higher temperature the residual stresses 
remaining in the alloy steel shaft will be 
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expected. Other impact tests have been 
made of alloy steel pinions that failed 
in service to determine if a correlation 
could be drawn between these service fail 
ures and the impact strength of the mate- 
rial. In each test the impact strength of 
the material was found to be low. It was 
also found that the lack of impact strength 
was caused by defective heat treatment. 
One of the pinions investigated is shown 
in Fig. 7. The physical properties shown in 
Table I are typical of all the pinions ex 
amined. 

In Table I it will be noted that in each 
steel the impact strength was improved by 
another heat-treatment in the laboratory 
The reason for this improvement was that 
the manufacturer’s heat-treating procedure 
was faulty. The manufacturer's holding 
time at temperature during the quenching 


























Helix 
direction 


























Fig. 5—The hand of the helix can be 
chosen with regard to the direction of 
rotation so as to reduce the unbal- 
anced component of the forces. 
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Fig. 4—Ribs can be incorporated in the design of aear housing so as to prevent 
housing distortions from axial thrust of single helical gears. 
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FIG. 6{A) 





FIG. 6(B) 





FIG. 7 





Fig. 6—Two views of a shaft that failed through fatigue. A large, smooth radius at the shoulder will help avoid this type 
of failure. Fig. 7—Type of pinion failure that occurs when metal of low impact strength is used. 


first) heating was too short to place all 
of the constituents of the steel in solution. 
[he same condition can be caused by inef 
fective quench, or by any one of several 
steel defects such as dirt in the steel. If 
the steel is defective, the low impact 
strength of the material cannot be corrected 
by heat treatment 


LencTH OF TootH Conrtacr. One refine- 
ment common to high speed gearing that 
can be advantageously applied to low speed 
gearing is control of the length of the line 
of tooth contact. The amount of tooth con 
tact is a function of the pitch diameters 
of the gear and pinion, face width, pressure 
ingle, helix angle, outside diameters of the 
gear and pimon and the circular pitch. Some 
of these quantities can be varied by the 
geal designer to get optimum proportions. 
[he results of an analysis of a large number 
gear trams definitely indicate that mini 
mum variation in length of tooth contact 
insures quieter operation and longer gear 


In many gear trains the durability of 
gears can be increased by using the long 


] 


| short addendum type of involute gear 


tecth. The usual procedure in applying 
+] 


s type of tooth form to speed reducing 
gear sets is to enlarge the outside diameter 
t the pinion and decrease the outside 
liameter of the gear by the same amount. 
Ihe teeth are cut to standard depth. The 
of this svstem has the advantage of re- 


ing pinion tooth undercut, discarding 
the sensitive portion of the involute and 
idvantageously adjusting the lengths of the 
arcs of approach and recess. As the amount 
of undercut is decreased or eliminated, the 
base thickness of the tooth is increased and 
tooth strength is increased. 
he most difficult portion of the in- 
volute curve to generate accurately is that 
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portion near, and at, the base circle. Also, 
specific sliding is high along this portion 
of the involute, and reaches infinity at the 
base circle. When the outside diameter of 
the pinion is increased and standard tooth 
depth is maintained, the tooth profile is 
removed from the base circle by an amount 
equal to half the increase in outside di- 
ameter. The result of this shift along the 
involute curve is that some of the more 
sensitive portion of the involute is dis- 
carded. Enlarging the pinion and decreas- 
ing the gear a proportional amount has 
practically no effect on the overall length 
of tooth contact. It does shorten the length 
of the arc of approach and increase the 
length of the arc of recess. This decreases 
the tendency of the tips of the driven 
teeth to dig into the flank of the driver 
teeth under heavy loading and destroy the 
oil film in front of the teeth. Also it in 
creases the tendency for the tips of the 
teeth to carry oil under the teeth during the 
arc of recess. The principal advantage is 
increased tooth strength and this increase 
in tooth strength can be the difference be 
tween success and failure of the gears. 


WoRKMANSHIP AND AssEMBLY. Perfectly 
designed and cut gears can be destroyed by 
poor manufacturing processes in the assem 
bly and final finishing operations. It is 
customary to hold the backlash in a gear 
train that is subjected to a reversing or 
variable torque load to a minimum. In the 
manufacture of this type of gearing, it is 
common practice to cut the gear and pinion 
a thousandth or two oversize and lap the 
gear and pinion together to obtain the 
desired amount of backlash. When prop 
erly carried out, this practice is satisfactory. 
If the amount of stock left on the gear is 
excessive, the lapping process will destroy 
the tooth profile. This condition is influ- 


enced by two factors; namely, the nature 
of the cutting action of the lapping com 
pound and the fact that it is physically 
impossible to maintain a uniform distribu 
tion of the lapping compound across the 
gear face. 

As the tooth action at the point of con 
tact varies with the relative distance from 
the pitch line, and a certain amount of slid 
ing contact exists at all points along the 
tooth profile except at the pitch line, the 
relative amount of material removed by the 
lapping process varies over the tooth pro 
file. Within certain limitations this is an 
advantage, because it decreases the possibil 
ity of any point on the tooth surface project 
ing beyond the involute curve and affecting 
the action of the motion established by the 
helix tract. If the amount of material re 
moved is excessive, the result will be the 
destruction of the proper involute action 
of the gear teeth. 


Another manufacturing detail that can 
affect the durability of the gears, is the 
procedure used in mounting the gears on 
their shaft. If the gear is pressed onto the 
shaft with a large amount of interference 
between the shaft and the hole, the gear 
blank may be distorted during this opera- 
tion, because of the stresses developed by 
the interference fit. If the gear hub is 
short compared to the shaft diameter, the 
gear may be pressed on with a slight angle 
between its plane of rotation and the axis 
of the shaft. Also, if the gear is cut on 
a false shaft or arbor, the center of the 
gear during cutting may not coincide with 
the center of the gear after it is pressed 
onto its shaft. To prevent the occurrence 
of these errors, the gear should be pressed 
onto its shaft before cutting, and it should 
be revolved about the true center of the 
shaft during the cutting operation. 
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Automatic Beverage Inspection Machine 
Electronically Guards Quality | 


RESEARCH AND DEVELOPMENT on electronic in- 
spection of bottled Coca-Cola was begun in 1934 by the 
Research Department of the Coca-Cola Company. Initially 
the development was under the direction of Dr. W. P. 
Heath and, later under B. G. Copping, chief engineer, with 
the Radio Corporation of America assisting particularly in 
the solution of the electronic and optical problems. In 
1940, the Radio Corporation accepted responsibility for 
completing the development and the design of a com- 
mercial automatic inspection machine with the Coca-Cola 
Company continuing its active interest. Styling and ap- 
pearance were under the direction of C. Louis Otto of 
Raymond Loewy Associates. In 1941, the Coca-Cola 
Company and Radio Corporation of America began exten- 
sive field tests in representative Coca-Cola bottling plants 
which have resulted in the announcement of the successful 
completion of the machine for commercial use. 





Automatic inspection of filled Coca-Cola bottles de- 
tects foreign matter in the contents of the boitle, 
even though it be of minute size or transparent in 
nature. Known as the RCA Automatic Beverage In- 
spection Machine for Coca-Cola, it combines and 
coordinates electronic, optical and mechanical units. 
Designed to be installed on any type of conveyor in 
use in Coca-Cola bottling plants, the machine will 
inspect up to 140 bottles per minute. Operation is 
fully automatic and requires only periodic atten- 
tion by the operator. Failure of the inspection sys- 
tem and improper or insufficient rotation of any 
bottle will result in rejecting the bottle or in the 
stopping of the machine. Safety devices protect the 
machine from damage when jams occur in the con- 
veyors and from broken bottles. 





L979 
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Bank of 
phototubes 
! 





WS) 





TPS, 





Lie 


























! 
Selector 
Ine mechanism 
Inspection system consists of a lamp and lens that sends a inspection, bottle is quickly braked to a complete stop and 
strong narrow beam of light through the length of the bottle the contents continue to whirl rapidly during the inspection 
into a bank of phototubes. Sudden small changes in light period. Particles moving with the liquid through the light 
on the phototubes, that are connected to an electronic: ampli- beam are detected. Since the bottle is stationary with 
fier, result in the operation of a selector mechanism that respect to the light beam during the inspection period, ribs, 
rejects the bottle. Prior to inspection, bottle is spun at high letters and imperfections in the glass are not causes of 
speed so that the contents spin with the bottle. Just prior to sudden changes in light and do not result in rejection. 


Bottle release cam Outfeed 
F star whee/ 
Reject 
table 


j 
Rejec >> © . 
conveyor 





Synchronized 
timing gate 


Bottle 
conveyor 


Synchronizing arm 


o infeed star wheel 
Infeed safety gate 


Synchronized timing gate controls entrance of bottles from the conveyor through 
the star wheel into the machine. Bottles are removed from the machine by a 
second star wheel. Two-position selector arm acts to deflect rejected bottles 
to the reject table. Safety gates guard against jamming at the infeed and out- 
feed conveyors. 


Bottles are held between upper and lower cup assemblies. Upper cup assemblies 
are raised by a cam to permit bottles to enter and leave the turret. At the same 
time a bottle lift raises the bottles above the lips of the lower cup assemblies. 
Pulleys attached to the lower cup assemblies are driving connections during 
spinning. Bottom surfaces are used for braking to a stop, before inspection. 





(continued on next page) 
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Automatic Beverage Inspection Machine (continued) 
« _ —_—~ Eo 
arapection a . . ae | re Turret drive gear 
swing arm es a — bs bottle cup 
aed 4 Broken bottle 
=a : = safety guara 


Inspection 
swing arm ~ 












Spring holding 
nape caged Phototube 


= mst C : . 
pein AGAINS cain housing 
cus 
Ring gear 
inspection 


swing orm 
arive cam 






; Phototube Double srdead * 
housing - V-be/?t - P Bottle Witt cam 
. = ee e > SP, :, Variable speed 
<_» es ; drive pulley 
— . Reject Memory 
mecharvsiny 












> 
Spi er Cer tT FL Ga 


motor Switch 





Double sided V-belt drives the bot- 
tles during ‘spinning. Centrifugal 
switch will stop machine if spin- 
ning speed is not correct. Spinner 
motor is located below V-belt drive. 

















| 
Motor drives turret and inspection . | Upper cup 
swing arm cam _ (above right) Optical system. . { breiee.. | Phototube 
through a variable speed V-belt pul- \ vi We housing 
ley and a gear box. Cam imparts an \ Wi & Zo 
oscillating motion to the inspection a , eat if y D | 
swing arm so that it can be inter- i | 
locked with each turret position as | 


that bottle is inspected. 





Inspection swing arm is attached 
to the top and bottom of a shaft 


























centrally located with respect to 
the turret. Optical system is 
mounted on a plate attached to the 
centrally located shaft. Inspection 
brake, upper cup brake and stabiliz- 
ers are attached to the inspection 
arm and interlock the turret, bottle 
and inspection swing arm during | 
the inspection period. Stop brake | 
consists of two brake shoes equal- 
ized through a system of arms by 
three springs. Universal joint al- 






































lows brake shoes to seat accurately 











4 ; : | bh 
on the braking surface of the spin oe oe 
| CUBTIOT > 
drive pulley. 
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i} | -— Drive gear 














Memory mechanism is driven from 
turret ring gear. Timing wheel, 
having as many pins as there are 
turret stations, rotates at the same 
speed as the turret. Rejection of a 
bottle by the inspection system 
operates a solenoid that pushes out 
a pin in the timing wheel. When 
the pushed out pin strikes the re- 
ject cam it operates a switch, con- 
trolling the selector arm motion, 

cr; exactly at the moment when the 
® ©) | bottle is leaving the outfeed star 

re wheel. Thus, the unsatisfactory bot- 
tles are guided to the reject table. 
Reset cam located at the top of the 
timing wheel returns pins to their 
orginal position. 
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motor 





Lor” Phototube 


To contro/ circuit of safety switches, bank 


time delay relay, centrifugal switch, 
overload relays and start and 
stop pushbuttons 





“7 Transformer 





Memory 
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mechanism / 






Selector 
mechanism 
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Control circuit includes safety, start, stop and centrifugal 
Switches, the time delay and overload relays. The centrif- 
ugal switch and the time delay relay are open. Centrifugal 


rent through the thyratron opens reject relay and releases 
solenoid that sets pin in the memory mechanism. Amplifier 
power is controlled by main line circuit breaker and remains 


Switch closes when spinner V-belt comes up to speed. Time connected even though the control circuit should be opened 
delay relay is actuated when RCA-6H6 tube in amplifier and stop the machine. On restarting, bottles, not properly 
heats up, thus assuring amplifier is in operation before spun before inspection, are rejected by placing a bias on 
Machine is run. Particle in bottle causes sudden changes the RCA 1620 pentodes thus actuating the RCA OA-4-G 
in current of phototubes. This signal is amplified using RCA trigger tube for an instant after the machine is started. 
1620 pentodes and triggers the RCA OA4-G thyratron. Cur- Inspection system is checked before each bottle is inspected. 
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Electric Citrus Fruit Counter Design 
Uses Plastic and Die-Cast Parts 


COUNTING FRUIT during processing and the obtaining 
of an accurate count as soon as the run is over is possible 
with the Food Machinery Corporation’s electric fruit 
counter. Designed primarily for oranges and other citrus 
fruit the device should find use in other applications. Con- 
sisting of two parts, the counter and the recorder, this device 
gives an accurate count as soon as the run is over and no time 
is lost by the usual shutdown required to estimate the run. 
Fruit lifts a small paddle-like device and closes an electric 
circuit which operates a relay that advances an ordinary me- 
chanical counter of the printing type. 


Contact mechanism uses transparent plastic and die- 


cast aluminum alloy parts. Paddle is of plastic having 


two serrated bronze bushings at the hinge pin. Counter 


switch is screwed to paddle top. Trigger is an alumi- 
num alloy die casting pivoting in the paddle on a 
ground stainless steel pin and makes the electrical 
contact. Bracket and mounting arm are also aluminum 
alloy die castings. 
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ac a Fe oe ee 


Mounting arm 


Exit channel 
sideboard 


$8 


. Paddle 


as 





Bracket is screwed to the wooden sideboard 
of the sizing channel. Serrations on the bracket 
and mounting arm allow the paddle height to 
be adjusted to accommodate fruit of the size 
passing through the exit channel. 
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Pushbuttons 


Counter consists of a bank of printing 
counters opposed by solenoid-operated 
plungers. Record card is inserted in 
slot that runs the length of the cabi- 
Printing counters =, \ a net and is brought against horizontal 
and vertical stops. Pushbuttons ener- 
gize the bank of  solenoid-operated 
plungers at the card location. Inked 
tape runs full length of the cabinet ’ 
and counters are set to zero reading 
by a master lever. 








piungers 
tie. R 
geass 














Steel Stampings 







DESIGNED FOR APPEARANCE, strength, cleanliness and simplicity in 
operation is this new electric hot plate, designed by Benjamin L. 
Webster and manufactured by the General Aviation Equipment Company. 

















Each burner has two heats controlled 
by two switches. Design of the recep- 
tacles for the ceramic bricks is such 
that heat is not transmitted to the top 


of the unit. Finish is a heat-resistant, 

plastic lacquer. i 
Wood } 
handle 























itive Stec! stampings are used throughout 
the design. Top and bottom pieces are 
made in the same die. Feet are also 






































Steel stampings. Use of a single stamp- <5 
ard ing for the top eliminates crevices “a 
‘ket found in many hot plates and leaves no \e 
; : a 4 ‘---Heater switches 
- to Places for food or dirt to collect. Wood eo 
size handles allow the hot plate to be moved aon = yr " 
: Je. om-- 
While operating. rot OO Nae Z | 
AS — _— 
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Injection Carburetor 


For Light Aircraft 


OPERATING ELEMENTS are compact, simplified 
and economical in design in the Stromberg PS Series 
Injection Carburetor developed for engines ranging 
from 50 to 500 hp. Produced by the Bendix Products 
Division, Bendix Aviation Corporation, these carbu- 
retors are distinctly different from previous carburetors 
of the same size and power range in that they use no 
vented float chamber or suction pickup from a dis- 
charge nozzle placed within the venturi tube. PS 
Series carburetors are of single barrel construction and 
can be mounted in any position. 
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Fuel feed is through a closed pressurized system from the in combination with the idle cut-off. Fuel flow is automat! 
fuel pump to the discharge nozzle. Venturi serves only ally reduced to idling requirements when throttle is moved 
to create a pressure differential that is used to control the to idling position. Fuel lines and carburetor are always 
quantity of fuel. Accelerating pump is vacuum-operated by full even when the engine is stopped. Automatic mixture c 
a single diaphram. Mixture control is manual and operates trol and power enrichment are available but optional. 
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Machine Removes Bark From Logs 


IN THE STREAMBARKER, developed by 
the Allis‘Chalmers Manufacturing Company 
for standardized production, a 350 hp. elec- 
tric motor drives a 4-stage centrifugal pump 
to furnish 600 gal. per min. of water at 650 
Ib. gage pressure to the water jets. Size of 
the Streambarker is 6 ft. 6 in. wide, 6 ft. 
high, 20 ft. long and weight 40,000 Ib. 
Constructed of heavy welded steel plate and 
rigidly reinforced structural steel, the unit 
contains large watertight doors for easy 
accessibility to the inner working parts. ‘Top- 
mounted waterproof floodlights illuminate 
the interior. Glass windows allow the entire 
action of the machine to be observed. 








9 “ * =e 
: (OArna yay) 
Logs are fed by a conveyor from the U (G Pope! agen | oy 
log pond or storage pile to the machine in ii onl Wk-+ : = |i) 

intake end. A chain conveyor then ee. " z 
feeds the logs to the processing cham- 
ber. Two bed rolls, one fluted and the i 
other spirally threaded, rotate in the 
same direction but at different speeds 
and convey the log under the high-pres- ; on a 
sure water streams. Wire brush cen- a apes | 
tered on the spiral roll sheds the “red- i ee keeo- ~f inteske —. 
tail” bast fiber. Sharp threads on the 4 bisa = “ \ 
rolls lay open the bark and assist the a ae nt! ff 
action of the water jets. Bark, dirt and . on™. ‘ | 
waste water drop under the machine Wire 3 r 


into a welded steel water hopper and eal Spiral 
sluice for disposal. 
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High-Pressure Pump of Compact Design 
Is of Variable Volume Radial Type 


RADIAL TYPE PLUNGER PUMP of compact de- 
sign has been developed for continuous duty 5,000 Ib. 
per sq. in. operation. ‘The Superdraulic pump is 
available in two models, a constant delivery model and 
a variable delivery model. Delivery at 1,200 r.p.m. 
is 0 to 17 gal. per min. Dial control, mounted on 
the side of the pump, indicates output volume. 


Double-bank rotor is driven by shaft through a 
coupling disk. Rotor has two banks of 11 plunger 
assemblies. Plunger is held in crosshead. Two 
rollers, one on each end of the crosshead, are 
held in contact with the elliptical raction rings 
by centrifugal force. Below speeds of 100 r.p.m. 
springs are used to hold plungers outward. Re- 
action rings are positioned for variable delivery 
by two volume-control pinions. 
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Delivery 
gquaarant 


Swetion 
quadrant 


tite CSN 







res SS 











Suction 
quadrant 


Plungers make two inlet and two delivery strokes per revo- Plungers in the two banks, connected by drilled passages, 
lution (left). Trunnion mounting of piston in crosshead are arranged for parallel action (right). Volume control gear 
eliminates side thrust on the plunger. Rotor turns on a rotates the elliptical reaction rings, in opposite directions, 
fixed pintle having ducts for both intake and exhaust. to control the pump output. 








Random Notes on Reconversion — 


Machine automatically seals an air- Anderson kitchen gas range. Sheet more than a conventional axle but re- 
tight, moistureproof band of tape around metal parts will be manufactured in duction of unsprung weight should 
lids of different sized cans, bottles and Breeze plants in Newark and Eliza-_ increase tire life. 

containers. Developed by the Package beth, N. J. and castings will be fur- 


Machinery Company the machine has a nished by Foundry Service, Inc., also . « 

speed of twenty-five containers per min, Purchased by Breeze. ; , ae 

and an easy epening device for remer- Stainless steel, streamlined refrigerator 
ing the tape. Designed primarily for .* & » car weighing 5,000 Ib. less than con: 
coffee or baking powder containers, it ventional equipment will be placed in 


Rubber-covered potato basket to safe- 
guard potatoes against bruising has 
been announced by United States Rub- 
ber Company. Basket, of open con- ¥: * 

struction, is made of steel wire coated 

Die casting machine costing no more With rubber, weighs 3% Ib. and holds Hot meals prepared on Pan American 


experimental service by Atchison, 
Topeka & Santa Fe Railway this year. 


will find use in packaging drugs, to- 
baccos and other items. 


* * * 


than a bandsaw or small engine lathe 5/8 bushel. Constellation-type clippers require two 
has been announced by the DCMT Sales specially built electric whirlwind ovens 
Corporation. Machine uses prefabri- = to a galley. Ovens are capable of de- 
cated die sets that permit the manufac- frosting and finishing the cooking of 


Aluminum is used in the housing, hubs 

and brake shoes of a_ lightweight, 

heavy-duty truck axle. Developed by 
- i the Timken-Detroit Axle Company, the 

use of aluminum reduces the axle - a «@ 

Purchase of the Anderson Stove Com- weight by 220 lb. when compared to 

pany, Inc. by Breeze Corporations, Inc. the same axle with malleable iron Lightweight refrigeration unit will be 

will accelerate the manufacture of the parts. Cost of the aluminum axle is’ installed in new Lockheed P-80, Shoot- 


turer to make his own dies. Runs as 
small as 250 are said to be economical. 


twelve frozen blue-plate dinners, pre- 
pared by the Maxson Food Systems, 
every fifteen minutes. 
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ing Star, airplanes. Unit is necessary 
to cool metal skin of airplane since it 
has a rise of 20 deg. F. at 350 m.p.h. 
from air friction and should the speed 
reach 650 m.p.h. a 60 deg. F. 


ture rise would develop. 


tempera- 


» * * 


Aluminum-framed windows for residen- 
tial use are being manufactured by the 
General Bronze Corporation. 


Electronic tool, so sensitive that it will 
detect the unbalance in a rotating part 
resulting from the presence of a wisp 
of lint, has been announced by the 
Westinghouse Electric Corporation. 
Known as the Microbalancer the device 
was developed to speed the production 
of the variable time proximity fuse 
and the rotors used in gyroscopic instru- 
ments. The unit is incorporated in pro- 


duction machines built by the Gisholt 
Machine Company. 


Entry into the photography field has 


been announced by the American Safety 
Razor Corporation. Camera has a 
magazine with sufficient film for sixteen 
pictures and is still in the final phase 
of laboratory preparation. 
magazines will be 
dealers 


Exposed 
turned in to 
and processed at 
district 
Corporation. 
nylon 


local 
of the 
of the 
Other new products are a 
shaving brush and a 
cigarette lighter. 


one 


several establishments 


new type 





Magnetic Wire Recorder 


Tensioning Mechanism 


PORTABLE MODEL magnetic wire recording machine, for home and 
office use, has been developed by the Brush Development Company. 
Size is approximately 14 in. by 11 in. by 8 in. deep and weight is less 
than 30 lb. Device consists of three essential elements; the recording 
head, the recording wire and the tensioning mechanism. 
wire is a ductile wire electro-plated with a magnetic material. Tension- 
ing mechanism is an ingenious differential device developed by A. L. 


Williams, president of the company. 


Recording 































































Supply pulley pecording wire 
| 3 - {Recording wire in tension hinting 
' ' Lr 
' 8 Yoke 
=i . . . 
; AIS. p. Differentiating pulley and yoke 
_— rtntng v N assembly moves tangent to circle of 
5 " pulley contact on races. It hovers about 
7 neutral line (N) 
' | 4 4 : ; “Differentiating pulley 
‘ on sa ; Drive pulley.’ \ 
| Take-up “Winding ~Yoke bearing 
pulley wire 


prmateseese Component tending to rotate differentiating pulley about its own axis. 


Direction of force at point of contact with supply pulley when winding wire becomes /oose. 


Ad "Component tending to swivel differentiating pulley and yoke assembly. (Ratio changing component. WIRE TIGHTENS. ) 
\\ ia ~Direction of force at point of contact when pulley is on neutral axis (N). Turns pulley about its own aris (Mo ratio changing component ) 
N AN =_.__Tensioning spring acts on differentiating pulley and yoke assembly and through races and! reels applies tension on recording 


. wire, tending to move differentiating pulley and yoke assembly upward against downward force resuiting from wire fension 
aati from neutral axis (N) of upper and lower positions of pulley is shown exaggerated. 

“* 

Component tending to swivel differential pulley and yoke assembly. ( Ratio changing component. WIRE LOOSENS. ) 


“"----Tensioning spring lever 








_ 





Differential drive unit maintains constant 


around the power pulley, driven by a 


reel. As the drive pulley draws wire from the supply reel 


wire tension and 
speed. Wire comes off the supply reel and is wound twice 
small 
then goes through the recording head, then to the take-up 


motor. Wire 


take-up reel. 


a differential drive unit, connecting the supply and take-up 
reels, turns the take-up reel in a direction opposite to that 
of the supply reel thus maintaining constant torque on the 
A level-winding shaft insures an even spr‘ 
of wire on the reels and prevents pile-up of the wire. 
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Design Calculations Are Not By Rule and Rote 


IN TEACHING mechanical engineering design in 
our schools and universities, formulas are all too 
often presented as being physically exact relationships. 
‘Twelve of sixteen college machine design textbooks 
investigated state that unit tensile stress is equal to 
total load divided by cross-sectional area. The other 
four books come closer to the truth. They state that 
the average unit tensile stress is equal to total load 
divided by cross-sectional area, but neglect to make 
clear that it is the peak stress that determines whether 
or not the part will fail. None of the books explains 
the many conditions that cause the stress distribution 
over the cross-section of a part to be other than uni- 
form. Nor is the student given any idea of the magni- 
tude of variation in stresses across a given section. 

Modern machine design textbooks, it seems, still 
cling to concepts that are valid in the design of civil 
engineering structures, but that are seldom applicable 
in designing moving parts in machinery. Mechanical 
engineering design textbooks place great emphasis on 
vield strength and factor of safety, give too little atten- 
tion to fatigue failure, and fail entirely to point out 
the many influences that might cause an apparently 
well designed part to fail by fatigue. 

None of the textbooks investigated properly explained 
how cold rolling, cold drawing, surface peening, car- 
burizing and nitriding develop compressive stresses on 
the surface, thereby causing a stress pattern that mav 
ereatly strengthen the part against fatigue failure or 
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cause it to break at a low load. Nor is it explained 
how machining, grinding and other operations create 
surface tensile stresses that greatly weaken the part. 

Wrong ideas and concepts firmly established in a 
student’s mind are extremely difficult to eradicate 
even by bitter experience. Chief design engineers fre- 
quently comment that young mechanical engineering 
graduates seem shocked and dazed when they dis- 
cover that the classical equations, which they so labori- 
ously learned, have extremely limited application 
except as help in visualizing ideal stress conditions. 
Then slowly it dawns upon them that formulas must 
be modified extensively and on an intelligent basis, 
that relatively few stress problems can be solved with 
any degree of exactness, and that endurance tests on 
the finished part are the only sure basis on which to 
determine the durability of the design. 

Many, if not most, of the professors of machine 
design recognize that engineering schools and colleges 
face the task of renovating their design courses to 
improve the value of the students to industry. They 
will do well to consult freely with outstanding design- 
ers in industry in the building of machine design 
courses that emphasize the whys and wherefores of 
realities and not the rule and rote that does not con- 
form to facts. And it should always be emphasized that 
even the rational equations are true only for non-existing 
ideal conditions and give results that are crude approxi- 
mations of the true facts. 








Materials and Manufacturing Processes 
Determine Economical Tolerances 


A. L. KLEIN 


Design Consultant, Douglas Aircraft., Inc. 


A compilation of reasons why unnecessarily small tolerances should not be specified on engineer- 
ing drawings. This material is presented from the economic, manufacturing, and assembly stand- 


point and furnishes the design engineer with concrete examples of what and what not to avoid. 


TO ACHIEVE low manufacturing costs 
it is necessary that tolerances be sufficiently 
large to allow for the dimensional variations 
that arise from fundamental natural law, 
that are unchangeable. ‘l’olerances smaller 
than these will make interchangeable manu 
facture impossible and thereby result in 
greatly increased costs and will often require 
the scrapping of many valuable parts. 
Of the infinite number of reasons why 
perfect parts can not be made, the two 
most frequently encountered are thermal 
expansion and deflection or deformation. 
Thermal expansion is possibly the more 
important of these two. In the table below, 
the expansion coefficients, rounded off to 
six decimal places, are given for some com 
monly used metals: 
In. per in. per deg. F. 
0.000006 
0 .QOQV09 
0.000012 
Se oe ren 0.000015 
It is perhaps better to speak of tolerance 
in terms of percentage rather than dimen 
sions. [Expressing an expansion of 0.0001 
in. per in. as 0.01 percent of 1 inch is 
more significant in that it can be applied 
to any length. ‘Thus, 0.01 percent means 
0.0001 in. in one inch of length; 0.001 in. 
in ten inches of length and 0.010 in. in 
100 in. of length. This last figure (0.010 
in.) is the understood tolerance for decimal 
dimensions when no tolerance is specified 
on aircraft drawings. 


Carbon steel 
Brass and stainless steel. 
Aluminum alloy 


Magnesium 


It may be readily seen 
that positioning holes, for example, 100 in. 
ipart cannot be done consistently to this 
tolerance, even in steel under normal shop 
conditions 

The process of machining develops ther 
mal expansions which materially affect the 
dimensional variations in the finished pieces. 
Some of the causes for these variations are 

1. Temperature of the stock 

2. Temperature of the measuring devices 
such as micrometers and calipers 

3. Temperature of the machine 

4. Temperature of the coolant 


374 


>. Amount of energy converted into heat 
by the cutting togl while doing the work. 
This last item will affect all of the four 
preceding items, with a possible exception 
of the All of these conditions 
are significant and in 


sccond one. 


without 
deformation, backlash, 
make it imprac 
tical to meet exceptionally close tolerances 
on general work. 


themselves, 
considering clastic 


and many other factors, 


If a graph of deformations versus lengths 
be plotted to log scales, the percentage error 
curves will be obtained as in Fig. 1. The 
line marked 0.05 percent represents about 
the most practical error limit under ordi 
nary shop conditions. 

The entire question of close tolerances, 
iid to a certain extent, thermal variations, 
is tied up with the size of the work and 
the size of the involved. Big 
large pieces of work are sub 


machine 
machines and 
ject to greater variations than smaller ones. 
Obviously, the more metal there is to ex 
pand, the larger the change. The dimen 
sions indicated in circuit C of Fig. 2 illus 
trate this point. 

When the part being machined is of a 
metal different from that of the machines 
or jigs, greater variations will be caused by 
temperature 


hanges. For example, when 


in aluminum alloy part in a 
steel jig that is accurate at, say, 70 deg. F., 
two holes drilled D inches apart will be 
iccurately spaced if the temperature of both 
the part and the jig is 70 deg. F. But if 
these two apart 
in. the 
done at 


machining 


holes are to be 100 in. 
dural structure and the 
50 deg. F. the steel jig will have 
0.000006 kK 100 &* (70 50 


drilling is 


contracted 
deg.) or 0.012 in. The dural will have con 
tracted 0.000012 X 100 X (70 — 50 deg. 
0.024 in. If these two holes in the dural 
structure are to match those in a steel piece 
drilled in the same jig at the same tempera 
ture, the holes will match when both pieces 
ie at 50 deg. F. But if these parts are 
issembled at 90 deg. F., the steel piece will 


have a variation of 0.000006 X 100 xX 


90 — 50 deg.) = 0.024 in., and the dural 


will have a variation of 0.000012 X 100 


(90 — 50 deg.) = 0.048 in. Thus, the fal 
lacy of specifying D = 100.00 + 0.01 in. 


on the drawing is apparent. 

lhermal expansion, as shown above, re 
sults in many assembly difficulties. One 
part may have been made in a machine, 
such as a spar cap mill, where a good deal 
of power is used and the coolant becomes 
lukewarm. Consequently, it expands the 
metal and when this part is assembled, it 
may need a large tolerance. This difficulty 
may be avoided by two means, (1) slow 
cutting, and (2) by cooling the coolant. 
It is better, however, not to expect the 
factory to go to such refinements, as neither 
method is entirely practical nor consistent 
with mass production. It is far better to 
get around these difficulties by relaxing the 
tolerances. Fig. 3 illustrates an example 
of a joggled rib attaching to a 
Phe spar 


spar cap 
cap was machined to a nominal 
tolerance of 0.010 in. per cut. The set-up 
that it would be the 
tolerances and therefore was 
Ihe cure was to apply a re 
\ separate part was made which 
of the variation. 


was worked out so 
sum of three 
0.030 in. off. 
laxation 
took car¢ 

The one factor of thermal expansion has 
thus far been Elastic deforma- 
tion and its effect upon manufacturing ind 
machine operation may now be considered 


discussed. 


as the second reason why perfect parts can- 
not be made. In general, errors due to the 


elasticity of materials may be put in two 


categories, (1) deflections and (2) man 
ufacturing effects 
In discussing the first subhead, deflection, 


it is into the subject 0! 
modulus of elasticity for the 
used aircraft metals. 
of “E” 


numbers: 


necessary to go 
commonly 
These are the values 
(Young’s Modulus) in round 
Magnesium 6.600.001 

Aluminum 10.000.90( 

Steel 30.000.00! 
By the definition of Young’s 


Alloy 


modulus, it 
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Fig. 


indicates the dimensions affected by thermal expansions. The more metal there is to expand, the larger the change. 


|—Percentage error curves obtained when deformations versus lengths are plotted to log scales. Fig. 2—Circuit C 


























FIG.3 

















FIG. 4 








Fig. 3—An example of a joggled rib attaching to a spar cap. 


is the force required to double the length 
of a piece of material one unit in cross- 
sectional area. Therefore the ratio of de- 
formation to original length caused by a unit 
stress will be the stress divided by the value 
of E. Multiplying by 100 gives the percent 
change in length. In the instance of the 
uminum alloy part having the holes 100 in. 
apart, to obtain an accuracy of 0.01 percent, 
the dimensions must be held to 0.01 inch. 
(he absurdity of this may readily be seen 
when it is considered that merely drilling 
the wing in one position and turning it over 
would change the dimensions by more than 
this. 

If parts are to be made interchangeable, 
then care must be taken that the elastic 
deflections mentioned above and the ther- 
mal effects discussed earlier, do not produce 
distortions greater than those tolerable on 
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assembly. It is almost impossible to meet 
the standard tolerances for fit of bolts on 


wing cover panels over any considerable 


length. ‘The above mentioned elastic effect 
alone indicates that this would be difficult. 

Consider the above three materials of con- 
struction in relation to working stresses. It 
should be remembered that steel, since it 
is 2.8 times as heavy as aluminum alloy, 
must work at a stress about 3 times that of 
the latter to be economical in_ aircraft. 
Roughly, the same ratio as the values of E, 
above, should apply here. Thus, working 
stress should be about: 


Lb. per sq. in. 


Magnesium 33,000 
Aluminum alloy 50,000 
a ee ee 150,000 


As designs 
stresses can be 


improve, higher working 


used more consistently. 


Fig. 4—Location of angle alpha on a spar cap. 


Greater economy of material and consequent 
reduction in weight results. Young’s Modu 
lus, of course, cannot be changed. How 
ever, higher working stresses can b¢ ap 
proached by better design. 

The second subhead, manufacturing ef 
fects, plays an important part in the reasons 
why perfection of parts cannot be realized. 

Consider first a rivet. It is relatively poorly 
manufactured since it is made in large quan 
tities. Close tolerances in rivet manufacture 
are unnecessary, since upon being driven, 
a rivet swells and fills the hole. In swelling, 
however, the rivet distorts the parts and 
causes much trouble in fabrication. 

Spar caps are critical as to angle a as in 
Fig. 4. The angle is dimensioned on the 
drawing to plus or minus 1/10 degree. The 
rows of rivets, 
their plastic 


however, 


may, because of 


working, change the 


angle 


vw 
Ji 














100". 























Fig. 5—Attaching angle with maximum slop assumed in the bolt holes. 


from 1 to 2 degrees. ‘The amount of this 
distortion caused by rivets depends upon 
how they are driven. Squeezing is the most 
uniform method available. 

If all the distortion caused by rivets were 
uniform, it could be easily taken care of 
by an alteration of the jig, but such is not 
the case. A _ satisfactory jig must be one 
made to such dimension that the part, when 
manufactured in it will be the correct fin- 
ished size. The term for this procedure is 
“compensating the tooling.”” The jig must 
permit the part to take its natural dimen- 
sions or restrain it in such a way that it 
does not cause damage to the part. 
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Fig. 6—The jacket of a domestic water 
heater prior to gas welding. 
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In aircraft work, the giving of fuselage 
or wing station numbers to three decimal 
places implying a tolerance of 0.010 in. 
causes constant trouble. A station is gen 
erally marked, for instance, 235,456 and 
since the drawing calls for a plus or minus 
0.010 in. tolerance, it means that the station, 
measured from the forward bulkhead or 
center line of the airplane, cannot vary more 
than 0.010 in. This is obviously ridiculous. 
It simply cannot be done. A tolerance of 
plus or minus 3/8 in. in this instance would 
be sufficient and would be infinitely more 
practical. 

A particular wing joint furnishes another 
good example of the impossibility of very 
close fits under certain conditions. It used 
to be insisted that the holes for the 1/4 in. 
attaching bolts be not more than 0.003 in. 
above nominal size. It was argued that it 
was unsafe to have greater “‘slop.”” Actually, 
of course, at least half of the holes did not 
line up and were, therefore, “‘unsafe’” in 
the terms of the above definition. The 
holes had to be forced into line with a 
drift pin. The practical solution of a prob- 
lem of this kind shown was used in another 
airplane. Here, the wing attaching bolt 
holes were made 0.018 in. oversize. It is 
noted in a design manual, under the toler 
ance for 1/4 in. hole, that this dimension 
of 0.018 in. comes in between Clearance 
Fit (0.028-0.035) and Close Fit (0.001- 
0.008). The bolt holes, made to this size, 
were perfectly satisfactory and much less 
time was expended in the installation. In 
this attaching angle in Fig. 5, if maximum 
slop is assumed in the holes at point 100 in. 
apart, the maximum angle (in radians) will 


2 X 0.018 
be ———_—-—— = 0.00036 radians, or 0.021 
100 


degree. ‘The wing will distort to such an 
extent that a manufacturing tolerance of 
0.1 degree is the best that can be expected. 
Thus, the angular error permitted by the 
oversize holes is negligible. 

As riveting and bolting produces distor- 
tions, so also are variations induced when 
structures are welded. It is easy to see why 
this is so. The parts are joined while in 
the molten or near-molten state and when 
cooling takes place, they shrink, especially 
in the direction in which the weld was 
made. Fig. 6 illustrates the gas welding of 


the jacket of an ordinary domestic water 
heater. Starting at one end, it is necessary 
to allow approximately a 2 in. gap in a 
length of 40 to 45 in. The gap gradually 
closes up as the weld progresses. 

With a recompression(in the recompres 
sion type of spotwelder the spots are forged 
after they are formed) type of spot welding 
machine, it is theoretically possible to pro 
duce spot welds with no distortion. In 
practice, however, spot welds either shrink, 
if there is not enough recompression, or 
expand if there is too much. The parts 
usually distort about as much as do com 
parable riveted assemblies. 

Machining relieves “‘locked-in’’ stresses, 
but these so-called locked-in stresses in mate 
rial are not necessarily undesirable. If a 
long bar of metal is heat-treated, the heat 
treat condition on the surface is different 
from that inside since cooling progresses 
from the outside surface. The outside con 
tracts and since it is stronger than the warm 
inside layers, it shrinks and compresses the 
material while it is still hot. The core 
material, when it cools, shrinks, and results 
in a state of tensile stress which tends to 
compress the outside. The outside of the 
material is therefore in compression and 
the inside in tension. The stress pattern 
of this condition may be somewhat as in 
dicated in Fig. 7. 




















Fig. 7—The stress pattern of a ma- 
chined heat-treated bar. 


If this outside layer is machined off, as 
is done, for instance, with a spar cap, it 
allows the inner tension material to react. 
The result is a shortening of the piece. 
The amount of shortening can be as much 
as 0.001 in. per inch of length, plus or 
minus a variation of 20 percent. Note that 
this variation is plus or minus 0.002 in. per 
inch and is uncontrollable. Any heat 
treated bar, when machined, will react in 
this manner. 

In summation, it becomes apparent t! 
a practical approach to this question of! 
tolerances is necessary. A close tolerance 
should not be put on a drawing unless it 
is essential that it be there. ‘Tolerance 
specified excessively smaller than the w: k- 
ing conditions warrant, or specified \ th 
no regard for the limitations of the manu- 
facturing processes used, will result in 1n 
creased costs and necessitate the scrapping 
of many parts. The intrinsic nature of D- 
gineering materials causes these trou!'es. 
They are not the fault of the shop. 
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Motor Ventilation Requirements 
For Aircraft Service 


L. W. WIGHTMAN 


Fractional Horsepower Motor Engineering Division, General Electric Company 


Discussion of the engineering compromises involved in the design of small, lightweight, air- 
craft motors to compensate for the effects of duty cycle, low ambient temperatures at high alti- 
tudes, and quantity and velocity of air flow. Different methods of motor ventilation are shown. 


IN PREWAR STANDARD _ fractional 
horsepower motors high efficiency was con- 
sidered as the easily measured criterion of 
over-all motor performance, but the recent 
need for powerful, lightweight motors, such 
as used in aircraft, imposes many new en- 
gineering considerations. 

To get high efficiencies in conventional 
general purpose motors, the flux density 
in the iron and the current density in the 
copper are kept low. To lower these den- 
sities, more electrical iron and copper is 
required and hence greater weight and space 
is required per horsepower output. There- 
fore, heat losses to be dissipated per unit 
of weight or space are low in such rela- 
tively large heavy motors and can be easily 
dissipated by natural convection and radia- 
tion without much additional ventilation. 

Aircraft motors are different. They are 
a compromise between the minimum weight 
and the smallest size. Little importance is 
placed on efficiency. To obtain the lowest 
possible weight, the electrical iron and cop- 
per is utilized to the fullest extent con- 
sistent with safe temperature rise. Because 
the best possible ventilation system requires 
considerable space, a compromise is made 
between increased space for ventilation and 
motor weight. 

Prewar standard fractional horsepower 
motors also were designed for standardized 
production. Essentially the same set of 
parts were used for a cushion or welded 
base- mounting, to be installed upright, side 
wall, or ceiling; or the motors could be 
end flange-mounted. In addition, the motors 
could be connected electrically for reversible 
rotation, 115 volts, 230 volts, 50 or 60 
cycle operation. 

\t first it was thought that a standard line 
of aircraft motors could be designed so the 
proper type and rating for most applications 
could be picked from a catalog. However, 
experience has proved that almost every ap- 
plication required a special motor for each 
application. These include turret motors and 
implidynes, gun-charger motors, wastegate 
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motors, aerial-reel motors, landing-gear 
motors, and cowl-flap motors. Almost every 
motor in an airplane is entirely different 
from every other motor in the craft, not 
only in rating but in fundamental design. 


Two Basic Classes 


Aircraft motor applications are divided 
into two basic classes: Intermittent duty 
and continuous duty. Most applications 
require intermittent duty, the motor being 
selected on the basis of duty cycles. The 
duty cycle is determined on the basis of 
the average on-time and off-time of the 
motor and the amount of load during the 
on-time. 

A duty cycle may be continuous or it 
may be for only a short duration. An exam- 
ple of a continuous-intermittent duty cycle 
is an oil cooler flap motor which is continu- 
ally jogged to keep the oil temperature rela- 
tively constant. An example of a short-time 
duty cycle is a wing flap motor which usu- 
ally operates twice during a flight. 

If the on-time of the duty cycle is short 
enough and the off-time long enough, the 
motor need not be ventilated. If the on- 
time is a little longer, or if the off-time is 
such that the motor does not quite cool to 
the ambient temperature, a small amount 
of ventilation may be required. From this 
condition, the amount of ventilation needed 
varies until a condition is reached where 
the on-time is so long or the off-time so 
short that a continuous rated motor is re 
quired. Here the application may be classed 
as intermittent, but the motor may as well 
be rated continuous. These specialized ven- 
tilation requirements are one of the reasons 
for the variety of aircraft motor designs. 

The relatively few truly continuous duty 
aircraft applications include: Generators, 
motor alternators, dynamotors, blower 
motors, and pump motors. 

Before the war little was known about 
the effect of ambient conditions on an air- 
plane motor in flight. An aircraft motor 


must operate at sea level air density over 
an ambient temperature range of from —60 
deg. C. to +70 deg. C. Usually the same 
motor must also operate at an altitude of 
40,000 ft. where the air density is about 
one-fourth of that at sea level and the 
ambient temperature may be anywhere be- 
tween —55 deg. C. 
0 deg. C. 


Several years ago, many engineers design- 


outside the airplane to 
inside a heated plane 


motors 
would get too cold at high altitudes with 
such low ambient temperatures. Actually, 
however, care must be taken to prevent 
motors from becoming too hot at high alti- 
tudes. The much lower air density at high 
altitude correspondingly decreases the weight 
of air delivered by the constant volume fan 
operating at a given speed. Hence, the effec 
tiveness of the ventilation system is reduced 
since it depends on the rate of the weight of 
cooling air passing through the motor. This 
applies only to motors 
fan ventilation. 

Aircraft motors for very intermittent duty, 
which have little or no ventilation, get 
colder at high altitudes because they de 
pend almost entirely on radiation and _ nat- 
ural convection to dissipate their heat losses. 
As the altitude increases, the higher loss 
by radiation is usually the greater part of 
the heat dissipation. 


ing accessories believed that the 


cooled mainly by 


Motors Specially Designed 


Aircraft motors are specially designed to 
overcome ambient conditions. First, a bal 
ance must be obtained between the quantity 
and velocity of ventilating air, which, for 
a given speed and fan diameter, are primat 
ily determined by the cross-sectional area 
of the air flow paths through the motor. As 
this area is increased, the quantity of ait 
flow is increased; and the air velocity may 
either increase or decrease slightly, depend 
ing on the fan characteristics, until the 
point of maximum fan efficiency is reached. 
Beyond this point, the air velocity and air 
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Fig. |—Aircraft motor temperature characteristics at various 
altitude. (A) Effect of radiation on small and large motors. 
(B) Effect of an increased temperature rise of the ventilat- 
ing air on medium size motor compared with curve in (A). 
(C) Effect of an increased ambient temperature at high 
altitude on medium size motor compared with curve in (A). 
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flow resistance decrease rapidly as the area 
increases and hence the quantity of air 
flow is increased. 

The quantity of ventilating air must be 
such that the temperature rise of the air 
as it passes through the unit is not exces- 
sive. For highly ventilated aircraft motors 
that have relatively continuous operation, 
the temperature rise of the air as it passes 
through the unit must be held less than 
that of standard motors. Only in this man- 
ner can aircraft motors be designed to take 
advantage of the low ambient temperature 
at high altitude. 


To keep the air temperature rise down re 
quires an increased quantity of air flow. 
However, an excess of air flow beyond a 
reasonable value will reduce the effectiveness 
of the ventilation. The air velocity deter- 
mines the effectivenss of surface heat trans- 
fer. As the quantity of air flow continues 
to increase at the expense of the air velocity 
as a result of increasing the area of the flow 
channels, a value is reached where the ad- 
vantage gained by a further decrease in air 
temperature rise is more than offset by the 
decrease in the effectiveness with which the 
heat is transferred from the motor to the 
ventilating air. 

Along with the balance between the quan 
titv and velocity of the ventilating air, a bal 
ance must be obtained between the thermal 
and electrical design as a whole. Any 
change in the quantity and velocity of the 
ventilating air through a motor is assumed 
to be achieved by changing the cross-sec- 
tional area of the air flow paths through 
the electrically active part of the motor. 


378 








In all a.c. units this is done at the expense 
of electrical material. In most d.c. units 
this is also true. But in some d.c. units 
the required characteristics are such that 
the lack of interpoles, for example, leaves too 
much air flow area and resistance is added 
in the path of the air to reduce the quantity 
of air flow and increase the velocity. 

Since it is generally true that some elec- 
trical material must be sacrificed to obtain 
a balance between the thermal and the elec- 
trical design, it is desirable to have a rela- 
tively close balance. This is achieved when 
the desired motor rating is obtained under 
the worst ambient conditions without ex- 
cessive motor winding temperatures and at 
minimum weight within reasonable space 
limitations. 

As explained, the adverse ambient condi 
tions for a highly ventilated aircraft motor 


occur at high altitudes. The worst condi 
tion occurs when the ambient is heated, 
such as when a motor operates in a heated 
cabin or near an engine. If the worst high 
altitude ambient conditions are known, it 
is possible to determine from normal alti- 
tude tests whether the unit will function 
satisfactorily under the worst high altitude 
conditions. The effect of the lower ambient 
temperature at high altitude is much more 
than offset by the decrease in air density. 
Therefore at normal altitude, all highly 
ventilated aircraft motors operate under- 
rated; or else, at high altitude they have a 
lower rating than at normal altitude. 
Typical highly ventilated aircraft motor 
temperatures for various altitudes are shown 
in Fig. 1. The divergent shape of the 
curves shows how the temperature differen 
tials at normal altitude are magnified at 
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Fig. 2—Two methods of ventilating tota 
blown over the outside of the motor. (B) 


lly inclosed motors. (A) Air is simply 
Air circulated by a fan at each end of 


the motor transfers the heat from the commutator and windings to the shell. 
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high altitudes. The curves in Fig. 1 (A) 
show the helpful effect of the radiation on 
small motors as compared with large motors; 
and also the required under-rated condition 
of a medium sized motor at normal altitude 
to keep it within a reasonable operating tem- 
perature at high altitude. In Fig. 1(B) is 
shown the effect of an increase in tempera- 
ture rise of the ventilating air. This effect 
is much more pronounced when induced 
draft ventilation is used, because the fan 
works on the air after it is heated. Since 
the fan delivers a constant volume of air, 
the more the air is heated the less is the 
weight of the cooling air. In Fig. 1(C) is 
shown the effect of an increase in ambient 
temperature at high altitude. To stay within 
a reasonable temperature rise at high alti- 
tude, a further reduction of normal altitude 
rating is required when the ambient tem- 
perature is increased at high altitude. 


Methods of Cooling 


Various ventilating schemes that can be 
used are shown in Figs. 2, 3, and 4. For 
example, Fig. 2 shows two schemes for ven- 
tilating totally enclosed or explosion proof 
motors. In Fig. 2(A), air is simply blown 
over the outside of the motor. This scheme is 
simple, but the heat generated on the com- 
mutator and armature windings is not readily 
transferred to the motor shell where it can 
be dissipated to the outside air. In Fig. 
2(B), the heat generated on the commuta- 
tor and in the armature windings is trans 
ferred to the outside shell by a fan in each 
end of the motor. This scheme, although it 
is much better than 2(A), is much more 
complicated. This is particularly true at the 
commutator end where the internal fan and 
the external fan are overhung because the 
brush rigging makes it impractical to place 
the internal fan inside the bearing. 

In Fig. 3 are shown two schemes of forced 
draft motor ventilation. ‘The only difference 
is that in Fig. 3(A) a centrifugal fan is used 
and in Fig. 3(B) an axial flow fan is used. 
The axial flow fan will often shorten over 
all motor length, but it is not as effective 





as a correctly designed centrifugal fan sys 
tem. The forced draft fan of Fig. 3(A) 
has the advantage of always working in air 
at the ambient temperature, but it has the 
disadvantage of a smaller diameter and of 
excessive loss at its discharge where the air 
must be made to enter the motor. Any 
attempt to decrease this loss by vanes or 
straighteners requires excessive space and 
complicates the motor construction. All 
forced draft fans have the disadvantage of 
having all their losses dissipated directly 
into the ventilating air, so that the air tem 
perature is increased to some extent before 
it reaches the electrically active material. 

In Fig. 4 are two schemes of induced 
draft motor ventilation. The scheme shown 
in Fig. 4(A) can be made very compact, 
but it has many disadvantages. While air 
is shown entering the ventilated box-type 
brushholders, the cooling effect of this air 
is practically useless because the air flow 
through the brushholders is in series with 
the air flow through the spaces between the 
field windings and over the armature. Also, 
the fan diameter in this system is generally 
restricted by the diameter of the through 
bolt circle. 

The scheme shown in Fig. 4(B) has the 
advantage of a maximum fan diameter and 
of parallel air flow through the brush boxes 
and the spaces between the field windings 


and over the armature. ‘This scheme is the 
best for ventilating highly rated continuous 
motors which must operate at high altitude. 
This is because only this or similar schemes 
offer a maximum effectiveness of the brush 
ventilation with a minimum effect on the 
ventilation of the rest of the motor. 

All induced draft fans have the disad- 
vantage of working in air which is above the 
ambient temperature. However, they have 
an advantage in that all their losses are 
dissipated into the exhaust air, so that the 
temperature rise created by the fan losses 
occur after the ventilating air has passed 
over the electrically active material. 

No air flow through the face of the shaft 
extension end of the motors is shown in 
Figs. 2, 3, and 4 because this face is gener- 
ally used as a mounting surface. There- 
fore, in air-through ventilated motors, the 
ventilating air must enter or leave the motor 
through holes in the periphery of the shaft 
extension end as shown. Some exceptions 
to this are dynamotors and two-unit sets 
such as motor alternators and motor amplli- 
dynes. These have a brush rigging on each 
end, which makes end mounting on either 
end difficult. Also, the length-over-diameter 
ratio of many of these units is such that 
end mounting would not be mechanically 
practical. Therefore, a central base mount- 






























ing svstem is generally used and the ven- 
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Fig. 3—Two ways of cooling open type motors by forced draft ventilation. 
(A) Centrifugal fan is often more effective. (B) Axial flow fan is more compact. 
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Fig. 4—Two schemes of cooling open t 
(4) Compact, but relatively ineffective 
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pe motors by induced draft ventilation. 
ecause air is heated at commutator end 
efore reaching the field and armature areas. (B) Preferred method because it 


provides maximum fan diameter and parallel air flow. 
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tilating air enters or leaves through the face 
of the unit opposite the fan end. 

The general location of a motor may affect 
the operation of the ventilation system. 
The location must be such that there is no 
restriction to the ventilating air as it enters 
and leaves the motor. This is important and 
careful designers avoid the natural tendency 
to tuck motors into convenient corners 
where the air entrance or exit is restricted, 
or where the hot exhaust air may be acci 
dentally guided back to the air inlet. Also, 
motors should not be placed in small or 
practically enclosed compartments, since the 
heat generated by the motor losses may 
raise the motor ambient air temperature 
above a safe value. 
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Fig. |—Shear specimen in hydraulic test machine ready for testing. 
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Strength of Countersunk Screws 
In Shear and Tension 





HAROLD ADAMS 


Structural Test Engineer, Boeing Aircraft Company 


Results of an investigation of the strength of 100 deg. and 82 deg. countersunk flat 


Allowable shear 


head steel screws in lap joint shear and tension specimens. 
loads are established from load-deflection curves for both BAC and NAS 


screws. Results of tension tests are averaged and presented in tabular form. 


lO INVESTIGATE THE STRENGTH of 
teel flat head screws in machine countersunk 


24ST aluminum alloy sheet, and to compare 


the strengths of 100 deg. and 82 deg. head 
angle screws, lap joint shear specimens and 
tension specimens were tested to failure 


+ 


\ comparison of the results of the tests 
on 100 deg. head angle screws with those on 
S2 deg. head angle screws in machine 
countersunk sheet indicat¢ 


SHear Loapinc. A somewhat stiffer joint 1s 
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100 deg SCTCW 
ritical range where the ratio screws with ratio 
t gage lies between t gage less than 2.5 
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1 screw diameter to 
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Fig. 2 (A)—Shear test specimen for BAC and NAS 5/16 in. dia. screws. 
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Fig. 2 (B)—Shear test specimen for BAC and NAS 3/8 in. dia. screws. 
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Fig. 2 (C)—Shear test specimen for NAS !/, in. dia. screws. 


ews loaded in tension by flat sheets were 
greater for 100 deg. screws than for 82 deg. 
ews in every test. 


in. dia. steel screws were used in 24ST sheet, 
Specification AN-A-12, ranging from 0.063 
in. to 0.245 in. gage. In this way, a com 
parison could be made between the NAS 100 
deg. head angle screws and the BAC 82 deg. 
head screws. 


lysv Specimens. Sixty lap joint shear speci 
micns were prepared as shown in Fig. 2 (A), 
B) and (C). 
so made. Identical screw-sheet combina- 
tions were used in both shear and _ tension 
tests. All screws used were steel heat-treated 
to 125,000 Ib. per sq. in. minimum tensile 
strength. BAC and NAS 5/16 in. and 3/8 


\dditional specimens were 
Sixty tension specimens were ae Picses 

made with NAS 1/2 in. dia. screws in 24S] 
sheet material ranging from 0.102 to 0.310 
gage. Two coupons were cut from each sheet 
of material used in making the test speci- 


mens to determine the tensile properties. 


Propucr ENGINEERING — May, 1946 


Pesr PROCEDURI The shear specimens 
were placed in a hydraulic test machine, as 
shown in Fig. 1, with a 12 in. length be 
tween the grips on the specimen. Deflections 
of the joint over a six inch span were re 
corded as indicated by dial gages mounted 
along each edge of the specimen. Readings 
were taken at suitable increments as the load 
was increased continuously to failure, and 
the ultimate load and type of failure noted. 


Tension specimens were mounted in a jig 
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Fig. 3—Tension specimen and jig in testing machine. 
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Fig. 4 (A)—Allowable loads with 24ST sheet for 5/16 in. dia. 
BAC and NAS screws as established by smallest of limiting 
factors. 











Table I—Relative Stiffness of Joints 





slope of the straight line portion of the 
joint deflection curve equalled 2 percent of 
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the nominal diameter of the screw shank. 

3. The allowable single shear values for 
steel bolts heat-treated to 125,000 lb. per 
sq. in. minimum tensile strength. 





*Screw head failed with NAS screws; 


sheet failed with 


Screw Sheet Average yield, Average slope, 4. The sheet material bearing loads de- 
dia., gage, | load X 1.5/1.15, Ib. P/6, 10* Ib. per in. Type of termined from BAC allowable bearing stress 
an - oa | a — i =-_ | —_ 96,000 Ib. per sq. in.) times actual sheet 
pee a Sse: times nominal screw diameter. 
5/16 | 0.183 5 ,090 4,260 9.4 6.6 | shear To compare the relative stiffness of the 
0 162 4,730 3,935 6.4 9 3 | shear joints made with BAC and NAS 5/16 and 
| pn | oo - aa 4 “ _ | a 3/8 in. dia. screws, Table I was prepared. 
ees, Sees ee, Pente Ee Lives ____-«‘Table I gives the average yield points and 
/8 . 0.245 | 7,693 7,210 14.5 13.0 | brg. and shear average slopes determined from the load- 
| 0.188 6,030 5,635 10.5 11.8 | shear deflection test curves. The slope data are 
| al gl re 69 . . _— erratic. But considering the yield values with 
,49 3,75 earing ig 
| the trend of the slopes, there is an indication 
that BAC screws produced a stiffer joint 
installed in the hydraulic test machine and ‘ 
tested to failure. Fig. 3 shows the setup for Table Il—Results of Tension Tests 
the tension tests. Average ultimate test load, Ib. Ratio 
Screw Sheet ~— BAC/NAS | Type of 
ALLOWABLE SHEAR Loaps. From the tabu- dia., gage, NAS | BAC | ave. ult. failure 
lated test results, load versus deflection - we ie re Ib. | \ 1468 | Load r | load, | 
curves were plotted for all shear specimens. —— aes eee | setts diheco nat Ma sini sotteanial 
From these curves, a set of curves were 5/16 0.183 207-16 5,060 | 524-14 4,605 | 91 sheet 
plotted, Fig. 4(A), (B), and (C) for allow : : el + — 524- 12 3,770 92 9 | sheet 
able shear loads for both BAC and NAS 5 16 0 063 207-12 "940 + ae i “ _ 
screws. These allowable load values were ; 
established by using the smallest of four 3/8 0.245 208-19 8 620 624-16 8,210 95 2 - 
limiting factors: ) : ; oF + oe rr + yi = : - 
oh naan : g : ig ) - ~ Idd L 2 ae 2 : ) sheet 
m4 oe ultimate load per 2°19 0 083 208-13 1 860 624-12 1720 os 7 re 
2. The average test yield load per screw 1/2 0.310 210-23 14,480 sheet 
times 1.5/1.15. The yield load was taken as I 2 0 245 210 21 10,910 sheet 
the test load at which the deviation from the ) : oe: re - 9993 bie —_ 





BAC screws. 
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than NAS screws where bearing failures oc- for sheet gages where shear predominated, 0.102 gage sheet, the strength of the BAC 
curred, and NAS screws produced a stiffer the area at the plane of shear was reduced screws ranged from 90 to 99 percent of that 
joint when shear was critical. by the recess to a greater extent with BAC _ of the NAS screws. The strength of BAC 
| Where the ratio of NAS head height to screws than with NAS screws. This differ- screws in 0.102 gage sheet was unaccountably 
sheet gage ranges from 1.0 to 2.0, the curves _ ence is reflected by the resulting reduction of low, averaging only 80 percent of that at 
of Fig. 4(A), (B) and (C), indicate that ultimate loads in BAC screws where shear tained with NAS screws. 
the 5/16 and 3/8 in. dia. NAS screws had _ is critical and was noted in the appearance of Sheet failures occurred in all tension tests 
J smaller allowables than BAC screws. The _ the screws after failure. Fig. 5 shows a group with the exception of NAS 3/8 in. dia. 
1/2 in. dia. NAS screws at a ratio of head _ of five typical bearing and shear failures that screws in 0.250 gage sheet, part of the head 
height to sheet gage equal to 1.3 demon- occurred in the shear tests. broke off in this combination. In sheet 
strated a low allowable. failures, the sheet deformed sufficiently to 
4 The shear strengths of the screws were Trnsion Tests. In the tension tests, the allow the screw head to pull out. But the 
affected by the depth of the Phillips recess ultimate strengths were greater for NAS _ ultimate load was always reached before the 
in the head. The BAC screws had consider- 100 deg. head screws than for BAC 82 deg. _ head pulled through. There was little notice 
ably deeper recesses than the NAS screws as _ head screws in every screw-sheet combina- able deformation of the screw heads in the 
"7 noted in Fig. 2(A) and (B). Consequently, tion. Except for 5/16 in. dia. screws in _ sheet failures. 
7 16,000 
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Requirements and Design 
Of Automotive Braking Systems 


EDMOND SIROKY 


Wagner Electric Corporation 


Fundamental procedure in proportioning the braking systems of automobile brakes, with an 
example to illustrate the details, including a discussion of the advantages of four-wheel over two- 
wheel brakes, the effects of load transfer and charts showing deceleration and stopping distance. 


THE PROBLEM of selecting the type, 
size and number of brakes for an automo- 
tive vehicle is often less simple than it 
may appear at first thought. Broadly speak- 
ing, the principal objective is to provide 
as much braking as possible and yet have 
the system simple, inexpensive, light in 
weight, and, above all, dependable and 
contributive to safety. 

The brake designer must also give careful 
consideration to the possibilities of dissipat- 
ing the heat generated during brake applica- 
tions, to the characteristics of the friction 
or lining materials that are available, and 
to the fact that no simple system of brakes 
can give ideal performance under all condi- 
tions of load on the vehicle, inclination of 
the road, and slipperiness of the pavement. 
Whereas in tire early days of the automo- 
bile the speeds and traffic density were such 
that simple systems were quite adequate, the 
trend has been distinctly toward more and 
better brakes. ‘This advance in brake per- 
formance has naturally been accompanied 
by greater attention to the details that tend 


to make the systems conform more neatly 
to the ideal. 

Since the primary function of the brakes 
is to provide frictional forces at the points 
of contact of the tires with the roadway, 
and since in emergency stops these forces 
should be as large as possible, an ideal brak- 
ing system under all conditions would pro- 
vide the maximum friction at each contact 
point. ‘The normal pressures at the contact 
points change with the position of the cen- 
ter of gravity of the vehicle, its deceleration, 
and the inclination of the roadway, see 
Fig. 1. The frictional force at each wheel 
is fixed by the torque developed by _ its 
brake, except when the tire skids. It fol- 
lows that the brake torque distribution 
between front and rear wheels should change 
with these variables. ‘Thus, during quick 
stops, on down grades, or when the loading 
is such that the center of gravity is well 
forward, the front brakes should provide 
a greater portion of the total braking. 

The first attempt to approach the ideal 
was the change, years ago, from 2-wheel to 


4-wheel braking systems. An example will 
illustrate the improvement. In Fig. 2, if 
h is 0.3L and the coefficient of tire friction 
on the roadway is 0.6, then for 2-wheel 
brakes, (A), the rear-wheel reaction is 
W, equals 0.51W and F equals 0.306W 
maximum. For 4-wheel brakes, W, equals 
0.42W, F, equals 0.25W, W, equals 
0.58W and F, equals 0.35W. Under ideal 
braking distribution the front wheels take 
0.35/0.60 or 58 percent and the rear 
wheels take 0.25/0.60 or 42 percent. The 
improvement is (0.60-0.306)/0.306 or 
about 49 percent for the assumed dimen- 
sions and low-friction coefficient between 
tire and roadway. 

Had the coefficient been assumed as 1.0, 
a value representative of dry concrete roads, 
the improvement would have been about 
117 percent but the brake distribution 
would have been 70 percent at the front 
wheels and 30 percent at the rear. While 
these examples show desirable braking ratios 
for fair and excellent road conditions, it is 
quite evident that for slippery pavements 























bp 
poaes |! 
. eS Heavy 
: ” load 
-- 
| i/ 
¥ 
(A) 























(B) = 407 























Fig. |—Changes in axle reactions: (A) At rest or traveling at constant speed on level roadway rear axle carries 2/3 load. 
(B) Descending a grade at uniform speed, without brakes dragging, front axle carries more load. (C) During deceleration 
front axle also carries more load. (D) Under light loading greater proportion of load is carried by front axle. 
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NAS 207°13 SCREW: 
i¥ 102" SHEET 


te 


% 4 


covered with ice or snow), the distribution 
should be nearly that under static condi- 


‘ions. In the example of Fig. 2, this would 


»e 40 percent front and 60 percent rear. 
The actual distribution of braking be- 


‘ween front and rear axles is generally fixed 


it a value which the designer deems suitable. 
[t constitutes a compromise between what 
vould be proper for good, dry roadways and 
that which would exist on slippery pave- 
nents. Too much front-wheel braking will 
ause the front wheels to lock and skid on 
snow or ice before the rear wheels can 
develop their maximum friction whereas too 
much rear-wheel braking will cause the rear 
vheels to skid during emergency stops on 
zood, dry roadways before the front wheels 
nave attained their maximum effectiveness. 

Systems have been devised for altering 
the distribution of braking effort between 
front and rear axles to compensate for the 
effects shown in Fig. 1 but, as might be 
suspected, the systems are usually quite 
omplicated. One such contrivance, which 
has been placed in service, is the Wagner 
‘ratio-changer.” This is a simple inertia- 
yperated valve so arranged as to decrease the 
ratio of front to rear braking when operat- 
ng on slippery pavements. With this 
levice in the system, it is possible to plan 
m1 proper distribution under two widely 
lifferent road-friction conditions and to 
have nearly the ideal at other times. 


Measure of Brake Performance 


lhe braking system of a motor vehicle 
must perform several functions at different 
times. It must (1) bring the vehicle to a 
top in level driving; (2) slow it and per- 
iups maintain a reduced speed when travel- 
ng down hill; (3) hold the vehicle on up 

lown grade, either under the effort of 
the driver or while parked. To provide a 
tandard for Comparison, common practice 
1as been to measure brake performance on 
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Fig. 3—Stopping distance chart showing the regions of good and poor braking. 


the basis of ability to make a stop in level 
driving, either by specifying distances 
traversed during stopping from different 
initial speeds or by specifying the average 
retardations in ft. per sec. per sec. during 
such stops. For example, if a car traveling 
at 30 m.p.h. or 44 ft. per sec. were stopped 
in a distance of 55 feet, its average speed 
during the stop would be 22 ft. per sec 
giving a stopping time of 2.5 seconds and 
an average deceleration of 44/2.5 or 17.6 ft 
per sec. per second.. 

The average deceleration during a good 
stop, being nearly the same for different 
initial speeds, becomes the most useful 
measure of brake performance. The stop 
ping distance S, in ft. from any initial speed 
V, in miles per hr. with a deceleration d, 
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(A) Brakes on rear wheels only 


























(B) Brakes on all four wheels 





Fig. 2—Wheel loads and braking forces with: (A) Brakes on rear wheels only. 
(B) Brakes on all four wheels. Four-wheel brakes are 49 to 117 percent more 


effective than two-wheel brakes. 
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in ft. per sec, per sec. can be read from 
Fig. 3. The formula S = 1.076 V’/d can 
be used in calculating the stopping distance 
if desired 


Characteristics of Brake-Lining 
Materials 


Practically all modern automotive brakes 
are fitted with molded asbestos linings, but 
among them there is a wide difference of 
properties. For the same pressure against 
the drum, some linings provide greater 
friction than others, some suffer more “‘fad- 
ing,” or loss in friction, during a long appli- 
cation, some show more tendency than 
others to glaze and lose their frictional values 
under successive mild applications such as 
are encountered in continued city driving. 
Some linings can well withstand contact 
with high-temperature drums whereas others 
may suffer loss of friction or may become 
sticky from “bleeding” of resinous consti- 
tuents. Others may tend to cause brake 
noises or may tend to score the drum sur- 
faces. Variations of these properties must 
therctore be carefully considered when mak- 
ug brake recommendations. 


Heat Dissipation From Brakes 


Since the function of automotive brakes 
is to absorb, in friction, the kinetic energy 
of the moving vehicle and also, in down- 
hill travel, the accompanying change in 
potential energy, they must in turn dissi 
pate this energy in the form of heat. To 
facilitate this heat dissipation, it is desirable 
to provide as much contact area as possible 
between the lining and the drum, and to 
have the drum located where air for cooling 
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Fig. 4—Dynamometer test curves showing variations of brake torque with vehicu- 


lar speed and line pressure for Lockheed brake. 





Table I—Typical Data from Dynamometer Tests of Automotive Brakes 








Vehicle B C 
MN rycen yee aera te he he Bas ae eh set Passenger Car Truck Truck 
I ios aie aciig actus ordataaintiediaiate orunbin 11x2x 3/16 14x2x1/4 15x4x 3/8 
ROR ee ee eT Double-Anchor Double-Anchor Hi-Tork 

Lockheed Lockheed 

Wheel Cylinder Diameter, in............... 1-3/8 to 1 1-3/8 1-1/2 to 3/4 
SE Se 4 56.4 120 
a 5 18.2 18.2 
Maximum Speed, mi. per hr................ 58 60 
Dynamometer Wheel Load, Ib.............. 1,393 2,370 5,740 
Axle Weight per sq. in. of Lining........... 25.7 42.0 47.9 
Kinetic Energy per Stop, ft.-lb............. 208 , 700 285 , 200 690 , 400 
Maximum Line Pressure, lb. per sq. in...... 1,000 1,500 1,500 
*Average Torque, Lb.-In...........0.500008 11,300 24,300 50,000 
*Average Decel. Produced, ft. per sec. per sec. e i7 3 15.4 
ye ee Be 1.80 1.80 





*At maximum speed and maximum line pressure, minimum values of five performance tests. 
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has easy access to it. On the other hand, 
the dissipated energy must not cause heating 
of the tire at the rim where vulcanizing can 
take place. For heavy-duty truck and bus 
service, the brake diameter is generally 
made at least 3 in. less than the wheel rim 
diameter when the brake drum is nested in 
the wheel. On lighter vehicles so much less 
energy is absorbed per brake, and the axle 
construction is so much smaller, that brake 
drums five to seven in. smaller in diameter 
than the tire rims have proved quite satis- 
factory. Undoubtedly large brakes would 
be desirable on these smaller cars too, from 
the standpomt of cooling and lining wear, 
but first costs and unsprung weight have 
dictated the smaller sizes. 

An index of the probable cooling effect- 
iveness of a proposed brake installation is 
the ratio of the gross weight of the vehicle 
to the area of lining contact. Although this 
is not an exact method of determining brake 
contact area, it has been found quite satis- 
factory as a general guide, especially since 
any better method would depend on so 
many unknown factors, such as the maxi- 
mum speed at which the vehicle will be 
driven, whether it will be driven in flat or 
mountainous country, the frequency with 
which the vehicle will be stopped, and 
others. Average values of the gross weiglit 
per square in. of brake lining may be taken 
as follows: 

(a) Passenger cars, 22 to 30 Ib. per sq. in. 

(b) Light trucks and buses, 30 to 40 Ib. 
per sq. in. (Two-shoe, double-anchor 
brakes, Lockhead type.) 

(c) Heavy trucks and buses, 40 to 60 Ib. 
per sq. in. (Hi-Tork brakes only.) 

For continuous service in mountainous 
country the above values should be reduced 
by about one-third. 

Table I has been prepared to show some 
typical data which have been obtained from 
dynamometer tests of brakes that have 
proved satisfactory in service. The values 
of the last line were calculated by dividing 
the kinetic energy of the rotating mass by 
the time required to stop and by the horse- 
power equivalent. 

The variations of brake torque with 
vehicular speed and line pressure for the 
brake of column A, Table I are shown in 
Fig. 4. The line pressure was held constant 
for each curve. Fig. 5 shows the Wagner 
Hi-Tork brake and Fig. 6 shows the Lock 
heed type of brake. 


Passenger Comfort 


In deciding on brake capacities for pas 
senger cars and buses, it is necessary to take 
into account the fact that discomfort may 
be experienced by the passengers when the 
brakes are suddenly applied. Experience 
shows that decelerations greater than about 
16 ft. per sec. per sec. tend to throw pas 
sengers out of their seats. When passengets 
are standing in the aisles of buses, the max 
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mum deceleration should probably be 
limited to about 8 to 12 ft. per sec. per 


second. 


Condition of the Pavement 


It is to be recalled that the force which 
actually stops a moving vehicle when the 
brakes are applied is the frictional force 
which develops at the contact of the tires 
with the roadway. The frictional force 
under any tire is limited to some fraction 
“f” of the total contact pressure between 
the tire and the pavement, the value of 
“f’” depending on the type and condition 
of the pavement. If an attempt is made 
to get more frictional force, by further 
pressure on the brake pedal, the wheel will 
lock and skid, with the friction force at a 
value which is generally slightly less than 
when skidding was impending. 

lhe value of “f” is known as the coefh- 
cient of friction between tire and road sur- 
face. While its value varies from about 
0.6 to about 0.9 for gravel and hard-sur 
faced roadways when dry, it is reduced to 
0.2 and sometimes even less for mud or 
snow-covered pavements and to about 0.1 or 
less when ice-covered. Fortunately, the 
retardation that may be expected from an 
average dry pavement corresponds quite 
closely to the maximum retardation consist- 
ent with seated-passenger comfort. 


Calculating Brake Sizes 


l'o recommend brakes for a given vehicle, 
procedure as follows has been satisfactory: 


] 


Select the desired average deceleration, 


‘ : 
>} 3 
k MO ELE ial Ml 
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usually 18 to 20 ft. per sec. per sec. 

2. Find the percentage of weight transfer 
for this deceleration from Fig. 7. 

3. Select the percentage of weight trans- 
fe: to be used for establishing the ratio of 
front-wheel braking ability to rear-wheel 
braking ability; this is generally taken at one- 
half to three-fourths of the result in step 2. 

4. Compute the effective weight distribu- 
tion between front and rear axles by adding 
the weight transfer to the static front-axle 
load. 

5. Calculate the frictional forces on front 
and on rear wheels by multiplying the 


transferred loads by the deceleration value 
from steps (1) and dividing by 32.2 (the 
gravitational acceleration ). 

6. Compute the torque by multiplying 
the fractional force values from step (5) by 
the rolling radius of the tire. 

7. Select suitable combinations of brake 
diameter and wheel-cylinder diameter from 
a table of torque outputs of various brakes 
at the anticipated line pressure. 

8. Choose a desirable combination from 
those selected in step (7) on the basis of 
cooling effectiveness and axle construction. 


9. Determine brake width necessary to 
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Fig. 7—Weight-transfer chart for determining the percent of total weight 
shifted from rear to front axle when the brakes are applied. 


st 


Fig. 5 (Left) A two-forward-shoe brake, Wagner Hi-Tork. 
of the vehicle. 





Both shoes are self-energized during stoppage of forward motion 
Fig. 6 (Right)—Double-Anchor Lockheed brakes are widely used on automobile passenger cars. 
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Table Ii—Calculations in Proportioning a Braking System for a Three-Ton Truck 





Quantity and conditions 


Total torque required, standard 
load, 18 ft. per sec. per sec. 
} I 
Desirable front-axle torque 10 
percent transfer 
Desirable rear-axle 
percent transfer 





torque, 10 





Front-wheel brakes, double-anchor 
Lockheed 

Front-wheel, wheel-cvlinder 
diameter 





Rear wheel brakes, Hi-Tork 
Rear-wheels, wheel-cylinder 
diameter 





Output, one front brake, 1,500 Ib. 
per sq. in. from 30 mi. per hr. 
tests 





Numerical factors 


18.7 x 18,500 x 18/32.2 


0.343 x 193,500 





per sq. in. from 30 mi. per hr. 
tests 


Value Units 
193 ,500 lb.-in. 
66,300 lb.-in. 
127 ,200 


Ib.-in 





16x 2-1/4x 1/4 in. 





Distribution afforded by above, 
Front 

Distribution afforded by above, 
rear 





Line pressure required, standard 


1,500 x 193,000 


1-1/2-1-1/4 in. 

16x 4x 3/8 in. 

1-3 /4-7/8 in. 

+5 ,000 Ib.-in. 
35,000 Ib.-in 
34.6 percent 
65.4 percent 
1,115 Ib. per sq. in. 





load, 18 ft. per sec. per sec. 





























30 miles per hr. 2 x 130,000 
Line pressure, overloaded 1,265 lb. per sq. in. 
Master cylinder displacement, 

front axle 1.04 cu. in. 
Master cylinder displacement, rear ; 

axle 1 57 cu. in. 
Master cylinder diplacement, ; 

total 2.61 cu. in. 
Master cylinder diameter ; 1-3/4 in. 
Master cylinder stroke required, 

including port coverage 1.09 + 0.08 1.17 in. 
Maximum pedal ratio for 8 in. 

pedal travel (assumed) 8/1.17 6.83 
Line pressure provided by 200 lb. 200x 6.5 600 lb. per sq. in. 

pedal force, 6.5 pedal ratio, 90 ————— 

percent efficiency, without power 2.4x 0.90 
Lining area, front brakes 132.6 sq. in 
Lining area, rear brakes 270.4 sq. in 
Lining loading, standard load (no 

transfer), front brakes 33.9 lb. per sq. in. 
Lining loading, standard load (no 

transfer), rear brakes 51.8 lb. per sq. in. 





maintain the desirable vehicle load per sq. 
in. of brake lining. 

The master cylinder diameter and stroke 
required for the vehicle ‘are calculated by a 
complicated formula, which takes into con- 
sideration original brake-shoe clearance, 
thermal drum expansion, the setting of 
parts in and the expansion of the wheel 
and master cylinders, hose and tubing ex- 
pansion, and which allows a reserve for 
lining wear. The master cylinder force is 
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found by multiplyng the area by the con- 
templated line pressure. ‘The pedal ratio 
is then selected to give desirable values of 
pedal travel and pedal pressures. Practical 
maximum allowable values are 9 in. pedal 
travel and 240 Ib. pedal pressure. If the 
brake system does not permit of values be 
low these limits, then a power assist de- 
vice must be employed. 

As an example suppose brakes are to be 
recommended for a three-ton truck, having 


a gross weight under standard loading of 


18,500 Ib. and a gross weight when over 
loaded of 21,000 lb. Let the tire size be 
9.00x20 and have a rolling radius of 18.7 
in. Assume a speed of 50 mi. per hr. If 
the load distribution is 4,500 and 14,000 Ib 
on the front and rear axles, respectively, 
it standard loading, the corresponding per 
cents of load distribution are 24.3 and 75.7 
I'he load on the front and rear axles unde: 
overload are 5,500 and 15,500 Ib. respec. 
tively. 

A deceleration of 18 ft. per sec. is taken 
is the maximum and a transfer of load 
of 10 percent represents an average. From 
the foregoing data and assumptions the data 
in Table II can be computed. 

The example shows how a braking system 
-an be proportioned for a given vehicle by 
lirect methods. ‘The application of the 
procedure generally yields satisfactory re 
sults, although occasionally actual road tests 
show the advisability of changing wheel 
cylinder sizes so as more nearly to equalize 
the wear on the forward and _ rear-wheel 
brakes. This is to be expected, since the 
height of the center of gravity of the loaded 

chicle is usually not known in advance; 
ind even if it were known for one loading 
ondition, there is no assurance that it 
vould not change within wide limits. 





New German 
Insulating Material 


A NEW FOAM MATERIAL, produced in Ger- 
many under the trade name “Iporka,” is 
reported by the U. S. Naval Technical Mis- 
sion in Europe to be an excellent light- 
weight insulating material for temperatures 
below 50 deg. C. At higher temperatures, 
shrinkage is said to occur. 

Present uses for “Iporka” in Germany - 
clude insulation for icehouses, cold rooms, 
dry ice containers, and storage cars. 

“Iporka” also has potential value for 
sound insulation, since it reportedly absorbs 
approximately 50 percent of directed sound. 

The new material is prepared by addi 
tion of a water soluble ureaformaldehyde 
condensation product to a foam prepared by 
vigorous agitation of a water solution of a 
foaming agent and phosphoric acid. Follow 
ing further condensation, the resultant foam 
is dried and cut into desired shapes and 
size with a knife, saw, or wire. 

“Iporka” has a density of 0.9 Ib. per cu. ft. 
and a coefficient of heat conduction of 9.24 
B.t.u. per inch per deg. F. at 68 deg. sq. ft. 
per. hr. mean temperature. In comparisoa, 
cork insulation has a density of 10 to 20 Ib. 
per cu. ft. The minimum densities of foams 
of other resins range from 3.5 to 4.0 pounds 
per cubic foot. 
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Representative ornamental and mechanical zinc die castings, most of which are plated. 


Applied Finishes 
For Zinc Alloy Die Castings 


A discussion of some organic, plastic, electrolytic and chemical immersion finishes 
applicable to zinc alloy die castings. Appearance, commercial adaptability and general 
utility are considered as well as methods of application, limitations and practical uses. 


THE FOUR distinct types of applied tin 
ishes available for use on zinc alloy die cast 
ings include: 1. 
immersion in chemical baths; 2. finishes ap 
plied by electrolytic treatment; 3. 


organic 
fnishes applied by 


y spraying, dipping or 
brushing; 4. plastic finishes applied by dip 
ping, spraying, or molding. 

Certain of these finishes are so important 
from appearance and sales angles that, if 
they were not available, the total production 
of zinc die castings might be half that made 
today. Nevertheless, millions of die castings 
have been in use for many years without any 
applied finish in locations where appearance 
is of no importance. 

Several purely chemical (as distinct from 
electrochemical ) treatments involving only 
short dips or spraying in chemical solutions 
are commercially available. Some of these 
give the zinc alloy a pearly or opalescent ap 
pearance without pronounced change in 
color, but most of them produce a decided 
color change ranging from vellowish to olive 
drab and black 

Most often, these chemical treatments arc 
applied to prepare surfaces for subsequent or 
ganic coatings, the 
improved thereby 


idherence of which is 
But many vield a coating 
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finishes applied by simple 


that has in itself a considerable degree of cor- 
rosion resistance whether coated  subse- 
quently or not. Several inhibit the spread of 
corrosion when finishes are scratched 
through or chipped. Some provide colors 
that are satisfactory for certain uses as final 
finishes. At least one (Iridite) can be dyed 
black, red, blue or green. Several are pat- 
ented products or involve processing patents. 
Proprietary chemical immersion coatings in 
clude: 


Cronak (‘The New Jersey Zinc Company ) 
usually produces a golden brown color show 
ing some iridescence. Is useful with or with 
out subsequent coating. 


Iridite (Rheem Research Products, Inc. 
usually bronze or olive green but can be dyed 
black, red, blue or green. Is useful with or 
without subsequent coating. 


Parkerizing (Parker Rust-Proof Co.) dull 
gray. Usually dved black, oiled or waxed, also 
iwailable in standard colors. Useful with o1 


vithout subsequent coating 


Bonderite (Parker Rust-Proof Co. ap 
plicable also by spraying) dull gray. In 
tended for use as undercoat for subsequent 


ganic coating. 


Lithoform (American Chemical Paint 
Co.) (applicable also by spraying or brush 
ing) dull gray. Intended for use as under 


coat for subsequent organic coating. 


Ebonol Z (Enthone Co.) jet black. Is 
suited for indoor exposure or, with hard 
drying wax or lacquer, for outdoor exposure 
Is useful also as undercoat for organic coat 
ing. 


Black Magic (Mitchell-Bradford Co.) jet 
black. Is useful with or without subsequent 
coating. Several non-proprietary solutions 
containing nickel or arsenic compounds pro 
duce black deposits on zinc but some such 
deposits are not very adherent and require 
“fixing” with wax or lacquer. Not all are 
color fast. 

Most electro-chemical treatments for zinc 
ire cathodic, but in one, Anozine (United 
Chromium Co.), the work is made _ the 
anode. This treatment vields either a yellow 
iridescent, or a black film. The yellow film 
can be decolorized and is said to produce a 
“silvery pastel iridescence.” Anozinc films 
are useful also as undercoats for organi 
finishes 

Black electro deposits can be secured fron 
manv solutions. One proprietary type call 
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“Moly Black” (E. I. duPont de Nemours & 
Co.) is rapidly deposited but the film de- 
posited is largely non-metallic. Color is deep 
black and lustrous. 

Several of the metals commonly employed 
in plating, including copper, nickel, cad 
inium and chromium, can be coated directly 
on zinc but superior results are secured when 
the initial coat Coats of copper 
and nickel are commonly used under 
chromium. Heavy coats of copper followed 
by nickel in about equal thickness and then 
by a flash of chromium are almost invariably 
specified for bright exterior hardware, grills 
and other die cast zinc trim parts for auto 
mobiles. Similar specifications, but usually 
for somewhat lighter coats, are used on hun 
dreds of die cast zinc parts for interior appli 

ations. 

With plated coatings on zinc (as on most 
metals), the degree of protection afforded is 
almost directly proportional to the total 
thickness of coat. All plated coatings are 
somewhat porous. If moisture penetrates 
the coating and stands in contact with the 
metal of the casting, a white zinc oxide is 
formed and sometimes leaches through to 
the surface. This oxide, however, is easily 


1S Copper 


rubbed off and does not stain the plate. 
With reasonable care, plated coatings of 
proper thickness correctly applied yield many 
retain their brilliance 
even under severe exposures. 

The following minimum thickness (in.) of 
opper, nickel and chromium plating on sig 


vears of service and 
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Conveyor plating of zinc automotive die castings. 


nificant surfaces of zinc die castings is re 
quired under General Motor Specifications: 


Class AA A AB 
i ee 0.0015 0.001 0.00075 
Copper ... 0.0005 0.0003 0.0002 
Nickel 0.0005 0.0003 0.0002 
Chromium 0.00001 0.00001 0.00001 


Salt Spray-hr.* 48 32 24 

* At 95 deg. F. 5 deg. F. for minor pin holes. 
Base metal corrosion should not exceed one 
spot per sq. in. of significant surface. This 
refers to spots visible to naked eye. No such 
spot should exceed 1/16 in. in any dimen 
s10n, 


Most plated coatings are dull as they 
come from the plating bath, but with mod- 
ern plating solutions and controls, bright 
copper and bright nickel coats are produced. 
All chromium plating for decorative purposes 
is bright. Use of bright plates that require 
no color buffing save much extra labor and 
handling, but the solutions used require ex- 
acting control. 

Some metals, especially copper and nickel, 
can be applied to small zinc die castings by 
barrel plating. This saves much labor in 
handling and racking and, especially for low 
cost products, has helped to extend the 
utility of parts of this type. 

Some zinc die castings, especially flashlight 
reflectors, are plated with silver and some, 
such as razor parts, are gold plated. In both 
cases, a primary coat of copper is used. 

Many zinc die castings, especially for the 
hardware trade, are plated with brass. This 





coat sometimes is a yellow or golden color 
and sometimes a bronze color. 

Organic finishes include hundreds of ma- 
terials or formulations, classed as enamels, 
varnishes, lacquers and paints, whether clear 
or pigmented. Refer to “Plastic Resins as 
Protective Coatings,” Propuct ENGINEER- 
ING, page 1, Jan. 1946. These are available 
for use on zinc die castings in practically any 
color and in textures ranging from matt to 
high gloss. Some are available in forms that 
yield a ‘“‘crackle” or leather-like texture that 
tends to mask minor surface defects of the 
casting and is in great favor for some types 
of parts. Many contain synthetic resins and 
are sometimes referred to as “synthetic” 
finishes. 

Many organic finishes suited for use on 
other metals are also satisfactory on zinc die 
castings. To insure proper adherence, how- 
ever, it is necessary either (1) to use a finish 
that does not react with or produce a sapont- 
fying action on the metal of the casting or 
(2) to apply first an inhibiting film. 

Optimum results are usually secured when 
the casting (after proper preparation, includ- 
ing cleaning of the surface) is given one of 
the chemical “pre-treatments” mentioned 
above before the organic finish is applied. 
Some makers and many users of organic fin- 
ishes recommend the phosphate pre-treat: 
ment, as it not only promotes good adhesion 
but inhibits chemical reaction between the 
zinc and any subsequent coating. Nearly # 
not quite equal results on both scores are 
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ecured with the chromate pre-treatments 
ind entirely satisfactory results can be had 
vhen the proper type of primer, especially 
of the zinc-chromate type, is applied in place 
of pre-treatment. 

I'here are enamels available that provide 
| satisfactory finish for some purposes on zinc 
lie castings in a single spray coat although a 
more enduring finish and one of better ap 
pearance results when more than one coat, 
of which the first may be a primer, are 
employed. 

Satisfactory results are possible with nitro- 
cellulose lacquer enamels, especially where 
rapid air drying is desired, but other air dry- 
ing enamels are also available. Certain types 
of clear lacquer are sometimes applied over 
areas of castings that have been buffed (in 
lieu of plating) when only indoor exposures 
are made. The lacquer is then used primarily 
to prevent tarnishing and often does this for 
a considerable period. It is necessary, how 
ever, to select a lacquer that does not react 
with the zinc as, otherwise, milkiness or poor 
adherence may result. 

With organic materials, the most enduring 
finishes are commonly attained, (especially 
for synthetic enamels), when the finish is 
baked for the time at the temperature speci 
fied by the maker. There are, however, 
enamels designed for air drying that yield 
finishes suitable for some purposes. 

It is important that the times and tempera- 
tures given below should not be exceeded in 
baking as, otherwise, the dimensional sta 
bility of the castings may be adversely 
affected: 

Zamak 3 or 5 corresponding to ASTM allovs 
XNITI and XXV 


+ hour 1 hour 
it 425 F. at 375 F 


2 hours 3 hours 
at 325 F. at 300F 
Composite finishes, such as clear lacquer 
over silver plating or the application of 
enamel in recesses or over other areas of 
plated castings, are frequently employed to 
prevent tarnishing or to provide pleasing 
contrasts. In such cases, however, it is im 
portant to select a finish that will adhere 
properly to the usually very smooth surface 
below it. Lacquers or enamels developed 
especially for this purpose should be used. 
Adherence is sometimes improved by baking 
but the temperature should not be so high 
as to cause blistering of the plating or to 
exceed that given in the above table. 

Wood-grain finishes, especially on certain 
areas of plated die castings forming parts of 
automobile instrument panels, have some- 
times been used. Such effects are produced 
either by a special gelatine process that ap- 
plies the grain to an enamel coating or by 
the application of decals that are cemented 
on. A clear lacquer or varnish is usually ap- 
plied over such finishes as well as over decals 
for trade-marks and labels that are sometimes 
applied to enameled die castings. 

Finishes consisting of a thick coating of 
plastic that is usually either transparent or 
translucent are sometimes applied to zinc die 
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castings with pleasing and enduring effects. 
Such finishes are usually cellulose nitrate, 
cellulose acetate or ethyl cellulose and should 
not be confused with the lacquers or enamels 
that contain considerable percentages of 
resins. 

True plastic finishes are the same as or very 
similar to plastics used for molding. In fact, 
one method of application is to injection 
mold a coating (usually 0.030 in. or more in 
thickness) around the die casting. This is 
expensive but has the advantage of providing 
a part that looks as if it were molded en 


tirely from plastic, yet has the strength and 


shock resistance of the die casting. 
Much more extensively applied, especially 
on interior hardware parts for Ford cars, is 





the method, used by Macoid and others, in 
which the part is repeatedly dipped in or 
sprayed with the plastic reduced to liquid 
form. Such coatings are usually built up to 
a thickness of 0.004 to 0.005 in. or more and 
possess the natural beauty (sometimes in 
cluding iridescent or metallic effects) of 
transparent or translucent plastic. 

As these types of finishes have little or no 
idherence and usually shrink considerably in 
drying, it is necessary that they form a com 
plete envelope around the part or at least 
are so applied as to hook around an edge or 
concealed face. Otherwise, peeling is likely 
to result. When properly applied, such a 
finish imparts unusual beauty and possesses 
exceptionally long life. 


Die castings passing through a degreaser on a conveyor. 


. T. B. Corp. 





Spray coating zinc die castings for the Link Trainer. 
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Limit Switching Mechanisms— 





Limit switches, used to confine or restrain the travel or rotation of moving parts within 
certain predetermined points, are actuated by varying methods. Some of these, such 
as cams, rollers, push-rods, and traveling nuts, are described and illustrated below. 








Spring returns Spring return of Rod Cam for One-half of the 
plunger switch must be movable roller. travel requirea . 
, to original FIG.1 of sufficient force ‘ to actuate the 
position, to overcorne friction / \ (switch 
! in systern S 
’ ' 
- — m=} 
/ Guides, N : 


a 


! 
' 
‘ 
‘ 
‘ 


























lever mounted 
stationary ~---7 








Arrangement designea 
for use where close ad- 
Justments and accuracy 
of contact operation 
are important 




































































































mechanism ‘Cam actuates push-rod ; see : FIG.2 A 
eset Senine inneiads Spring-return limit switch Alten- Bradley Co. - 
roller ‘ 
/ construction “Push-rod from switch / 
/ follows cam 
‘ 
Spring-return, two-circuit limit switch, stationary mounting 
Allan- Bradley Co. 
Adjustable 
Rod stationary if switch mounted on moving carriage. A @ @ \ V 
‘Rod movable if switch mounted stationary Rod pati T oy 
' ——o <———_—_ ae. sfarionar ii . S$ 
4 Adjustable ee eee ‘ Coarse adjustment : 
@ @ ) linkage assembly a NM 
b mounted i ° . j 
ima Fine adjustment-' - 
movable if switch 
: Stop “Stop ‘ and linkage 
FIG.S mounted sta- fe) Maintained- contact type, 
tionary push lever operated 
A limit switchs, ay 
Plunger pushed from left. “Plunger pushed from ; ; / 1 ‘ 
Side restores contacts to right sidle operates Fixed point---- © ===== } 
origina! position contacts Sleeve 
— ntoiined! fenck # limit ‘teh — Switch and accompanying FIG.4 
Two-circuit, maintained-contact type limit switch mounte linkage mounted stationary, ° 
stationary, or mounted on moving carriage or mounted on moving carriage 
Allen-Bradley Co. Allen-Bradley Ceo. 
Actuating pin may be Rod and actuating pin stationary if switches Contact is rnade when 
used to provide both mounted on moving carriage. Rod and pin stroke or carm lever /s 
reverse and forward *.. movable if switches mounted, stationary moved in @ clockwise — 
operation * nme direction and origina 
eo i iia ae a aoe contact is restored or 
oa i te ee return stroke A; 
>, > Pa 
Two-circuit maintained - 
First switch speeds up or contact type Iimit switches oe 
‘slows down an operation; mounted stationary, or FIG.5 
Second switch reverses 3 mounted on moving car- 
the motion riage 
Aller Bradley Ce. 
- 
PR 
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Methods of Mechanical Actuation 






































Frame mounted Top of nut arm rides in trough ; Input through gear train, 
stationary on {in Frame to prevent nut frorn turning belt or chain drive 
machine, f / 
: y f 
a 
f A 
+ 4- Screw and nut device 
C7 LN TNT LOO ninine “fo control travel of 
rnachine b a 
ust: ts- belt or throwing ou 
F ee ae a catch after any speck 
/ , fied number of revolu- 
Adjustable-- Traveling nut po oa 
stop nuts Trave/ is adjusted by 
aT CMy stop nuts 
Jo controlled elernent sot acts 
on machine FIG.6 
) Rod movable ——— _—_—> ) 
“Pi, Contact operation 
taint | | | | stil takes place when 


fork lever is moved 
Contacts are re~ 
stored when fork lever 
is moved in opposite 
direction 





Actuating pins A and B 
require separate ad- 
justments 








| ~~ - Two-circuit maintained contact type_ 
limit switch mounted stationary 


Frent 
View 


Side 
View 








Allen-Bradley Ce. 
FIG.7 





Movement of the machine lever to the right 
gperates the contacts of the right-hand 
switch, but no contact takes place in the 
left-hand switch, 

Movernent to the /eft operates the contacts 
in the left-hand switch, but no contact takes 
place in the right-hand switch 


Cam wheel driven by machine 
elerrnent 








Switch 
operation, Sanne Switch 
; Sane (operation 
fo} 
Machine f# 





lever---" 


/ 
x Pa Rod connected 
“No switch operation’ to movable When the carm wheel meets 
carriage the left-hand roller of the 


actuating lever; this roller 
rides up on the inclined sur- 
face and the limit switch 
lever is tripped ina clockwise 
direction. 





rs, + 


/ 4 
i - P ° 
Two-circuit main-/ 




















Actuating---" P 


? The right-hand roller moves 
tained contact type lever upwards into the path of 
limit switches mounted the cam 

stationary 


When the cam wheel meets 
the right-hand ro/ler, the 
limit ts tripped ina counter 


A spring return mechanism clockwise direction 


can be used if the weight and 

friction of the connecting linkage — 

does not offset the power of the int: natant ‘a 

teturn sprin ype roller lever .-- ~ 
ow limit switch mounted 


Allen-Bradley Co. 
stationary 








Allen-Bradley Ce. 


FIG.8 





FIG.9 
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Various types of construction, and typical laminates having paper, fabric, wood and aluminum plies. 


Physical Properties of 
Corrugated Low-Density Structures 


Laboratory tests on newly developed cellular laminates are reported in condensed 
form. Methods of sample preparation are discussed. Data presented cover flexural 


strength, compressive strength, impact strength and heat-transmission characteristics. 


RECENTLY, a one-step technique which 
produces lightweight laminates of cellular 
construction, to simple or compound curva 
tures, has been perfected in the Studebaker 


research laboratories. Laminates of paper, 
cotton, fabric, glass textiles, aluminum, steel 


and plywood have been produced with the 


process Although a new development, the 
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Cc. A. SCOGLAND 


Plastics Consultant 


method opens interesting possibilities for 
the design engineer. The cellular construc- 
tion offers great stiffness, fabrics can be 
laminated to metal to produce panels re- 
quiring no surface finish. Since the method 
is new, only laboratory data are available, and 
no extensive product testing has been done. 

The air-coring in the new laminates is 


produced with alternate layers of sand-t 
tubes placed in the built-up laminate be! 
molding between heated platens in a 
The sand-filled tube 
placed so that in each row, each adj 
core is immediately over the void in th 
Consequently, in mo! 
the sand-filled cores produce a corr 


above or below. 
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structure of substantially trapezoidal cross- 
section. After molding the sand and cello- 
phane are blown out with an air hose. Be- 
cause Of the flexibility of the sand-filled 
cellophane tubes, contouring of panels is 
possible. It is also possible to vary the 
direction and type of corrugations. 


Physical Tests 


The samples tested had a total of 32 
plies. The surface elements were composed 
of 10 sheets of resin-impregnated paper 
and a single sheet of resin-impregnated 
fabric. The center element contained ten 
sheets of resin-impregnated creped paper 
with the crepe running longitudinally with 
the sand-filled cellophane tubes. Thickness 
of test piece was 4 in. In the heat trans- 
mission test, the samples were tested with 
air cores vertical, and also with air cores 
horizontal, and for purposes of comparison 
a solid sheet of 120 plies with a sheet of 
fabric on each surface was also tested. 

In testing for compressive strength, a 
cross-head loading speed of 0.025 in. per 
min. on a Baldwin-Southwark-Emery Uni- 
versal 0-6,600 Ib. machine was used. A 
maximum loading before failure of 2,608 
Ib. on four sq. in., or 652 Ib. per sq. in. was 
obtained. Deflection at failure was 0.023 
in. Tests were run on ten specimens. 

Impact strength was determined on a 
Tinius Olson weight drop tester, using a 20 
lb. weight dropped on a 2 in. square anvil 
placed so as to cover an equal portion of 
fin and core elements. A new sample was 
used for each drop of the weight. Failure 
was obtained at 5 ft. lb. per sq. in. Ten 
specimens were tested. 

(Continued on next page) 


Fig. |—Five-element sandwich. Each 
adjacent core is placed immediately 
over the void in the row below. Cores 
are loaded by use of a special fixture. 
Molding pressure forces plies in layer 
2 into contact with plies in layer 3 and 
plies in layer 1, producing a celluar 
structure of approximately trapezoidal 
cross-section. 











Typical Materials Used in Panel Construction 


SAMPLE A 
FE oi ne cemnncd 


3 fabric -------------------- > APR INS 
EE EE ee x 2 
Pressure — 325 lb. per sq. in. 


Cure — 10 min. at 300 deg. F. 
Weight — 16.1 oz. per sq. ft. 


SAMPLE B 


Plies — 1 aluminum — 1/16 in.—------- a 
10 crepe paper------ - ----------> 
10 crepe paper --- - -- --------> 


ic mo peer” 


Aluminum sheet etched in 20 percent NaOH, then one coat brushed 
Bakelite resin 16320, dried 2 min. at 240 deg. F. 


Pressure — 164 Ib. per sq. in. 
Cure — 10 min. at 300 deg. F. 
Weight — 24.8 oz. per sq. ft. 


SAMPLE C 


Plies — 1 aluminum — I|/16 in.---------- > 
1 aluminum — 1/16 in. ------- > 
Aluminum etched in 20 percent NaQH, one coat brushed 
Bakelite resin No. 16320, dried 2 min. at 240 deg. F. 
Pressure — 274 lb. per sq. in. 


Cure — 10 min. at 300 deg. F. 
Weight — 32.2 oz. per sq. ft. 


SAMPLE C 


Plies — 1 18ga.S.A.E. 1010 steel ----> 
10 crepe paper ~~~ - - ------ A \[\/\T 
1 18 ga. S.A.E. 1010 steel -- --» 
Steel brushed one side, one coat Bakelite resin No. 16320, 
dried 2 min. at 240 deg. F. 
Pressure — 274 lb. per sq. in. 


Cure — 10 min. at 300 deg. F. 
Weight — 46.0 oz. per sq. ft. 























SAMPLE D 
Plies — | steel— 18 ga. S.A.E. 1010_-> 
10 crepe poper -—------------>/ | 7 \ 7 \ J 
10 crepe paper ---------—-- __, 
SS eee ee > 





Steel coated one side Bakelite resin 16320 cut with 1-3 Solox, dried 
2 min. at 240 deg. F. 

Pressure — 164 lb. per sq. in. 

Cure — 10 min. at 300 deg. F. 

Weight — 34.8 oz. per sq. ft. 








Assembly Before Molding 




















MS 























; 





Molding | pressure 


























s 
| 12,3, X plies, X material Assembly after molding 
a 4,5-—sand filled cellophane tubing of X diarmeter FIG. 1 and after sand has been blown out 
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Corrugated Low-Density Structures (continued) 
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Fig. 2.—Assembly ready for molding. sand-filled tubes. The entire position- sion is obtained, since there is no fur- a 
Top and bottom press pans are stain- ing fixture is removed after approxi- ther slippage of tubing, and also to on 
less steel. Positioning pins locate the mately one-half the maximum compres- prevent squeeze-out of resin. a 
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5 —Couple located 


Fig. 3—Flexural Strength. Contact sur- Visit Tetatetiaiann Dinininatn tar Camels teal tate Vela 
faces on the V-blocks had 1/8 radius 32 Ply, Gores Horizontal 
lower blocks were 4 in. apart. A Bald- 80 
in-Southwark Emery Universal testi s ae come 
win-ooutTnwar mery Universal testing _ Thermocouple 
machine was used. — V-block was | positions on 
placed substantially above the apex of 230/- | | oe tent pence 
one of the air cores. The lower V- wa W] 2 | 
blocks were placed so that the apex m La 5 a | 
was immediately below the base of G 200 i 
one of the air cores. Loading speed- a 7 Pier pcten 
° ° ; 4 | [1]-Couple located 
ing 0.025 in. per min. Strength was é 7 | 2 over air space 
determined in both directions of air- 5 170 ae I ‘ 
; zs 5 i 3— Couple located 
coring, on ten specimens. o y - over internal rib 
= | 
E 140 /. 10 
° / ‘ | 
/ 
110 
/ Hot Side | 
/ Couple located | 
| 80 in center 
| 0 15 30 45 60 75 90 105 over air space 
| FIG.4(A) Time in Minutes | 
Heat Transmission Through Air Cored Panel V2 !n. Thick | 
32 Ply, Cores Vertical 
. . . | 
Fig. 4.—Heat Transmission. Com- 260 » Thermocouple | 
pletely insulated boxes with internal | ~o positions on | 
dimension 6 x 6 x 20 in. were used. On | _ am ere 
one side of the box a 60 watt incandes- | i ar @ s 
cent electric lamp was placed. In the | wan 5 
center of the box the sample undertest | ~~ oo ae 6_ is 
ra | m 200 ao 
was located. One inch from the lamp, | 3 ? _ Cold Side 
a baffle prevented direct heat trans- | 5 “ad 65+ [6]- Couple located 
mission to the sample. Three samples 3 170 . Lf + c scien yates 
were tested, each 6 x 6 x | /2 in. One ° 4 8 Ea tesien — | 
sample was tested with the air cores ° Pil , Be 
in a vertical position. The second @ 140 17 ; 
sample was tested with air cores ina | / 1 
horizontal position and the third | ff | | 
sample tested was solid. In the in- i i Hot Side | 
stance of specimens one and two, Z Couple located | 
which contained the air cores, these | 80 | in center 
0 15 30 45 60 75 90 5S wore gee | 
| FIG. 4 (B) Time in Minutes 
| 
Heat Transmission Through Solid Panel ¥2 In. Thick — 122 Ply | 
260 | | | | ] Thermocouple 
| positions on | 
| | | | test panels 
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| | | | B10 
| | | 6 5 
| _ 
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| Leo - Cold Side were each molded by using 32 plies of 
| ~-7T a 3} [2]- Couple located resin impregnated material. The two 
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ternal ply of fabric and then 10 ply 
paper. The interior of corrugated ele- 
ment consisted of 10 ply paper. The 
solid sheet was made from 120 plies of 
paper and one surface sheet of fabric 
on each surface. Six thermocouples 
were attached to the test specimen, 
using an especially prepared phenolic 
cement. The positions of these ther- 
mocouples are shown: 5 on the cold 
side and a single one on the hot side. 
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Dual Dimensioning of Drawings 
For Machining and Casting Uses 


G. N. COLE 


Chief of Design Operations, Pratt & Whitney Aircraft 


Comparison of two general methods of dimensioning parts on drawings. A detailed des- 


cription is given of the system in which three classes of drawing dimensions are identified. 


Casting tolerances and tolerances on concentricity are shown as a guide to the designer. 


























Fig. |—A drawing illustrating three classes of dimensions at A, B and C. Class 


A specifies two limits and is a machining dimension. 


Whenever a class A 


dimension is needed in pattern construction, the mean value is used. Class B, 
a single-valued dimension, is used for pattern construction only. Class C defines 
surfaces as cast and has two limits. Note spread between Class A and C limits. 


TWO GENERAL TYPES of decimal 
systems of dimensioning drawings are in use 
at the present time. One is the two-place 
decimal system in which the inch is gradu- 
ated in tenths and hundredths; the other 
is the system in which the decimal dimen- 
sions are the equivalent of fractions, the 
smallest division being the sixty-fourth of 
an inch. 

Pattern makers, die sinkers and other shop 
men carry scales graduated in sixty-fourths 
more frequently than scales graduated in 
tenths and hundredths. This is an argu- 
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ment often advanced to support the use of 
the latter system. 

Whichever system is used, decimal 
dimensions to three places of decimals are 
available and advisable. Four places of 
decimals can be specified where necessary in 
precision design. Good drafting practice 
expresses each drawing dimension by two 
dimensions—a high and a low limit. A 
modification of this practice is to give the 
desired dimension and a tolerance, which in 


effect also provides high and low limits. 


In either case the designer or draftsman is 


required to note an allowable variation on 
each dimension. 

An interesting outgrowth of this general 
system of dimensioning has been a system 
better suited to dimensioning combination 
casting and machining drawings. Although 
forgings are relatively simple when compared 
to most castings, usual practice has been 
to make separate forging and machining 
drawings. Casting dimensions, on the other 
hand, appear normally on the drawing used 
in machining the part. The dimensions 
for both casting and machining the part are 
designed in detail as they are drawn. Usu- 
ally time does not permit making two draw- 
ings—one for the pattern maker and foun- 
dryman and the other for the machinist. 


Basic General Notes 


The requirements of the pattern maker, 
foundry man and machinist all differ, yet 
one drawing must convey specific informa- 
tion to all three. This is achieved through 
systematic dimensioning and three general 
notes that appear on each drawing. The 
notes, which form the backbone of the 
system, are as follows: 


1. Pattern equipment must be designed 
to produce castings within the dimensions 
specified on this drawing. 

2. The mean value of machining di- 
mensions is a bas‘c casting construction di- 
mension where necessary. 

3. Basic casting dimensions carry 10 
tolerance. 

These three general notes imply that the 
drawing will be read from two different 
points of view, first the pattern maker’s and 
foundryman’s, and second the machinist 


Macuininc Dimensions. Any dimension 
between a pair of machined surfaces such 
as finished surfaces and drilled holes is 
specified by two dimensions, which provide 
high and low limits. A dimension belong: 
ing in this class is identified by the letter 
A in Fig. 1. Fig. 2, 3, and 4 show other 
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typical machining dimensions, which are 
identified by the letter A also. 


PaTTERN Dimensions. Dimensions used 
only in the construction of patterns carry 
10 tolerance. They are termed basic cast- 
ng dimensions although dimensions in 
iddition to those having no tolerances gen- 
erally are required to make the pattern. 
Wherever a machining dimension serves 
ilso as a pattern dimension, the mean value 
{ the two limits is the pattern dimension. 
Since a mean value has no tolerance it can 
be considered as a basic casting dimension. 
Several basic casting dimensions are among 
the dimensions in Fig. 1 to 4. The letter 
B identifies some of them. 


Castinc Dimensions. Casting dimensions 
define surfaces as cast. They are two-valued 
like machining dimensions. In many cases 
they are located by dimensions used in 
machining the part or in the construction 
of its pattern. The mean value of them 

used in pattern construction. Typical 
casting dimensions are illustrated in Fig. 1 

4, in which the letter C has been used 
to identify some of them. 

Casting dimensions generally have a 
spread between the high and low limits 
several times greater than the spread be- 
limits on machining dimensions. 
On small simple castings tolerances less than 
“().030 in. sometimes can be held without 


tween 


difficulty. The following general casting 
tolerances have wide application and are 
offered as a guide to the designer in specify- 
ing the dimensions on drawings. 

Castings up to 12”: 0.030” tolerance 
Between 12 and 15”: 0.040” tolerance 
Between 15 and 18”: 0.050” tolerance 
Over 18”: 0.060” tolerance 

In general, the tolerances depend upon 
the complexity of the casting. Wall thick- 
ness tolerances of + 0.030 in. and core 
thickness tolerances of + 0.030 are common 
on engine parts. This helps in maintain- 
ing alignment of cored openings in engine 
parts to within + 0.030 in. Core tolerances 
based upon size of casting is standard prac- 
tice with some companies. In establishing 
the tolerances on some dimensions of com 
plex castings, an accumulation of toler 
ances may require the specification of 
larger tolerances, + 0.060 or + 0.090 in. 
usually being adequate. 

Casting tolerances that define the limit- 
ing outlines of cast surfaces should be se- 
lected by the draftsman with care. Knowl 
edge of the pattern design, expected core 
shifts, pattern wear, core abrasion from 
handling and foundry practices are of great 
help to the designer in establishing toler- 
ances for casting contours. One pattern 
shop may design a pattern equipment that 
gives consistently one set of variations in 
castings, while pattern equipment of an- 
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other design will produce the same part 
with different characteristics and variations. 
Changes should be made in the tolerances 
on the drawing to suit the circumstances. 

\ good time to make such changes is 
when sample castings are being checked at 
layout inspection. The draftsman can 
follow the inspection closely and then cor 
rect or modify the drawing as conditions 
warrant to satisfy pattern, casting, machin- 
ing and design requirements. In some 
cases the design of the pattern equipment 
must be altered to get the desired product. 


Dimension Reference Surfaces 


Dimensions that define the casting on 
combination machining and casting draw 
ings are referenced to appropriate target pads, 
the back of several 
the same plane, or a general wall. A funda 
mental in selecting the reference surface 
is that the surface must not be removed 
when the casting is machined. The first 
or basic machining cut is referenced to the 
same surface from which the other casting 
surfaces are dimensioned. The tolerance 
on this dimension is usually from + 0.005 
to + 0.030 in., depending upon the pre- 
vailing conditions. 


a flange, bosses in 


All other machining cuts are dimensioned 
either to the first machining cut or to some 
other machined surface. When complicated 
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Fig. 2—A sectional view showing an angular tolerance for a class A dimension among the tolerances in all three classes. 


Fig. 3—A plan view in which the primary reference surfaces are outside the limits of the drawing. 
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Fig. 4—A sectional view illustrating 


casting drawings are dimensioned, the use 
of secondary reference planes is permitted, 
providing the use of them is in keeping 
with pattern and foundry practices. 

A note on the drawing, such as “start 
machining,” often is advisable. It insures 
referencing the basic cut to the proper sur- 


a B typical basic casting dimensions. 


face. It fixes a primary reference surface 
with respect to which any secondary refer 
ence surfaces can be established. It builds 
up cumulative tolerances in the same order 
that the designer used in establishing the 
limits for tolerances. It plainly identifies 
a machined surface that can be used in gage 


design or in parts inspection. 

Such a note compels the draftsman to 
give thought to the machining operations 
and to the order in which they are per- 
formed. During his deliberations, he may 
discuss the matter with shop men, all of 
which is reflected in the design of parts that 
are dimensioned better and more readily 
manufactured. 

Concentricity is important in the di 
mension of large castings, particularly wher 
one surface is to be machined while another 
concentric to it is left as cast, when calcu 
lating tolerances to establish a minimun 
wall section required to carry a design loac 
and when clearance is required betweer 
mating or adjacent parts. Under these con 
ditions concentricity tolerances are applied 
They are similar to the general casting tol 
erances and should be expressed as ful 
indicator readings. The magnitude of the 
concentricity tolerance is usually twice the 
value for the corresponding general casting 
tolerance. Ordinarily it carries no sign. 

Parts inspectors like drawings dimen 
sioned in accordance with the foregoing 
system because the tolerances provide pra 
tical limits upon which to base acceptanc« 
or rejection of the parts. The tolerance: 
supply information usable by tool and gag: 
designers in making inspection gages and in 
devising the methods of inspection 





Case 


[Eprror’s Nore: ‘These explanations of the 
law in specific patent cases are not intended 
to supplant the services of a patent attorney, 
whose accurate advice is necessary to handle 
individual patent problems. The purpose 
of these explanations is to give a better gen- 
eral understanding of patent law.| 


NO. 1 
QUESTION: Under what conditions are 


claims introduced into a patent invalid by 
reason of prior publication, use or sale more 
than one year prior to the amendment of the 
application and the introduction of the 
claims? 


ANSWER: In the case of Muncie Gear 
Works, Inc. v. Outboard, Marine & Mfg. 
Co. et al, 315 U. S. 759, Mr. Justice Jack- 
son stated the facts as follows. 


The patent in suit was filed without the 
claims under controversy. They were later 
inserted by way of amendment more than 
two years after there was a prior public use 
and sale. ‘The question was whether the 
claims added were thereby anticipated, or 
whether the date of invention of the claims 
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could date back to the original date of filing. 

In this case the patent as originally drafted 
contained claims that were limited either to 
a deflection plate or to an arched support 
which dealt with an anti-cavitation mechan- 
ism shown in the drawings of the patent. 
The drawings showed an outboard motor 
with an anti-cavitation plate located horizon- 
tally above the propeller. The cooling sys- 
tem had water passages enclosed in the 
housing but there was no cross-section of 
the housing. 

The drawings showed an arched member 
extending from the housing and anti-cavita- 
tion plate over the top and to the rear of 
the propeller, This ended in a curved “de- 
flection plate” extending rearwardly like a 
fixed rudder. The specification and claims 
described the action of this plate and said 
it prevented cavitation. But the specification 
did not assert that the plan was new or that 
it was employed in any novel cooperative 
relation to other elements. 

Later, more than two years (at that time 
the Statute was two years but is one year 
now) after the prior use, the patentee’s 
attorney inserted claims to the cavitation 
plate or the combination with the cavitation 


Histories In Patent Law 


plate. Ihe attempt was made to assert at 
that late time this was the essence of the 
invention. 

Mr. Justice Jackson, speaking for the 
court, held the claims invalid because the 
original application “wholly failed to dis 
close the invention now asserted”. 

Under Section 4886 of the Revised Sta- 
tutes of the United States, it is necessan 
that any new claim not so properly sup- 
ported by the application, be inserted within 
one year form the date of prior publication 
use or sale of the same subject matter b\ 
anybody. If the claim is a mere modification 
of existing claims, then it will date back 
to the filing of the application. 

In Milcor Steel Co. v. Fuller, 316 U. S. 
143, 147, the Court held that where sub- 
sequent claims changed the combination of 
elements in the claims originally filed, there 
would be a completely new invention set up. 

The purpose of these decisions was to 
prevent the practice that has grows up of 
an applicant shifting his ground of inven=on 
after his application was filed when he once 
found that the prior art was against him as 
far as the claims were concerned that he 
originally put in the case. 
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Foreign Abstract, condensed from an article 
by J. Kluge and G. Bochmann in VDI Zeit- 
schrift Bd. 88 Nr. 13/14, April |, 1944, page 
179. 


SPECIAL suRFACES have been developed by 
the authors of this paper in connection with 
their investigation of the lubrication of ma 
chined surfaces. ‘These surfaces have evenly 
distributed peaks and show a velvet-like, dull 
appearance as if they were sandblasted, al- 
though they are produced by a lapping 
process. 

Customary roughness meters are usually 
not sensitive enough for measuring such 
surfaces where the height of the peaks is 
40 micro-inches or less and—in addition— 
where the peaks are closely packed. Tracer 
methods fail because a tracer point with a 
radius of 400 micro-inches is too large. 
Interferometric methods can likewise not be 
used because interference strips cannot be 
obtained on dull surfaces. 

A new instrument has therefore been de- 
signed and successfully used by the authors 
in their investigation of the effect of sur- 
face roughness on friction. This instrument 
does not give numerical values for the space 
height of the profile or for other data, but 
indicates comparative values which are suf 
ficient for determining whether a machining 
method results always in the same surface 
quality. 

It appeared that an instrument would be 
most suitable based on the principle of the 
“brilliance indicator”, where a light beam is 
directed at 45 deg. on the surface to be in- 
vestigated, and where the reflected light 
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Fig. 1—Preliminary surface tester, em- 
ploying reflection method. 
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Fig. 2—Photocurrent registered by instrument (Fig. |) as a function of angle 
of incidence for different specimens. Fig. 3—Photocurrent registered by instru- 
ment (Fig. ¥ as a function of the height of the profile h measured with the 
Schmaltz surface tester and for various angles of incidence. 


beam is picked up by an electric eye. ‘The 
photo-current generated in the electric eye 
(and therefore the surface roughness) can 
be measured by .neans of a galvanometer. 

Since less light is reflected with increasing 
roughness, less current is generated. The 
current is proportional to the intensity of 
the reflected light. 

However, such a “brilliance indicator” 
cannot be used directly in the case of dull 
surfaces, because of the lack of brightness 
of such surfaces. The sensitivity of the in- 
strument would be much too low. The 
idea was conceived to use such an instru- 
ment with angles of incidence other than 45 
deg., and an investigation was carried out 
for determining the angle giving maximum 
reflection on dull surfaces. 

Fig. 1 shows the apparatus used for this 
preliminary investigation, where the angle of 
incidence (a) can be varied between 20 
deg. and 90 deg. The adjustment cross 
is provided for adjusting the surface, which 
must lie in the axis of ring. The distance 


between surface and cross is measured with 
a gage and adjusted by means of the threc 
adjustment screws on witich the instrument 
is resting. The light bulb in tube is con- 
nected to a transformer which in turn is 
connected to the power line. A magnetic 
voltage controller is installed to elimi 
nate voltage variations as high as +15 per 
cent did not cause more than +14 percent 
variation at the galvanometer, while the varia 
tion amounted to +25 percent when the 
magnetic controller was disconnected. 

Nine different cast iron surfaces were 
tested and the roughness measured with the 
ordinary method of oblique light. In addi 
tion, tests were run with the Schmaltz In 
strument. It is difficult to measure surface 
roughness with the ordinary methods, as 
traces of the tool and fine cracks cannot be 
recognized. The height of the profile is like 
wise difficult to determine. 

The most favorable angle of incidence 
was determined by plotting the electri 
photo) current produced at the nine sur 
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faces as a function of the angle. This is 
shown in Fig. 2. It is evident that angles 
of incidence less than 84 deg. did not give 
sufficient difference in current for clearly in- 
dicating the surface qualities; on the other 
hand, it was not possible to use angles 
greater than 88 deg. because the light beam 
was so much inclined in this case that in- 
sufficient light fell on the surface. A portion 
of the light passed directly into the electric 
eye without touching the surface. 

In Fig. 3 the current is plotted as a 
function of the maximum height of the pro- 
file measured with the Schmaltz Instrument. 


Tracing along one of the curves of Fig. 3, 
it will be realized that a large deflection 
of the galvanometer needle indicates low 
roughness and vice versa. It must not be 
overlooked that a comparison of roughness 
in this way is possible only if the surfaces 
have been produced by basically the same 
machining processes. 

An angle of 86 deg. was selected as the 
best angle for measuring superfinished, lus- 
terless surfaces, having a roughness of about 
40 to 320 micro-inches. At this angle 
the accuracy of the instrument is 
sufficient for measuring a range of 40 to 


Nomographic Representation of 


From “the Nomographic Representation of 
Polynomials,"' by W. H. Burrows, in The Journal 
of Engineering Education, January, 1946, pages 
361-75, published by the Society for the Pro- 
motion of Engineering Education. 

THEORY AND APPLICATION Of this method 
are presented in two parts. Part I describes 
a general method of constructing nomo- 
graphs for polynominals in three and four 
variables. The construction of the nomo- 
graph for quadratic equations is as follows: 
(1) Two parallel linear scales are marked 
off at a distance, L, from each other, Fig. 1. 
(2) The distance, L, is subdivided into seg- 
ments of length, s, measured from the left- 
hand scale such that s equals Lx/(x + 1) for 
the values of x within the range. (3) Straight 


left-hand scale to the points on the right- 
hand scale representing the values of — x. 
(4) The intersections of these lines with the 
vertical lines for corresponding values of x 
form a smooth curved scale for x. (5) The 
left-hand scale is used for values of B and 
the right-hand scale for values of A. A 
straight line connecting any value on the 
A-scale with any value on the B-scale will in- 
tersect the x-scale in a value of x which is a 
solution of the equation ; 


2+ Ax+B=0 (1) 


The nomograph for the reduced cubic 
equation 


a+ dx +B=0 (2) 


200 micro-inches. The galvanometer range 
is likewise satisfactory. 

The final instrument consists of a hori- 
zontal ring of about 6 in. diameter. The 
illuminating tube and the receiver tube are 
both permanently fixed to the ring at the 
above mentioned angle. The instrument 
can be place on the workpiece and the dis 
tance between the surface and instrument 
can be so adjusted that the reflected light 
falls on the center of the electric eye. The 
amount of light and sensitivity of the gal- 
vanometer can be adjusted by changing the 
width of the slot in illuminating tube. 


Polynomials 


that the ordinates of the x-scale are deter 
mined by the intersections of the vertical 
lines drawn from the origin of the B-scale 
to points —x’ on the A-scale. 

The nomograph for any polynominal of 
the type, 

fi(x) + Afe(x) + B=0 (3) 
where f,(x)and f,(x) are any powers or other 
functions of (x), is constructed as follows 
(1) The A and B-scales are laid off as b 
fore. The segments are s = f,(x)L/(f,(x) + 
1). The intersecting lines are drawn from B 
equal zero to the points A equal — f,(x)/f,(x 
to form the x-scale. 

If the equation is 


e@+tactr+bxtec=0 (4) 
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Fig. |—Method of constructing nomographs for the quadratic and reduced cubic ere Fig. 2—Nomograph for the 


complete cubic equation, x* + ax? + bx + c=, illustrating the general method 
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Fig. 3—The projected scale chart. Fig. 4—Second method for polynomials in five variables. 


equals x* + ax’, wherein the coefficient a is 
assigned a series of constant values, each 
giving rise to a separate curve for the x-scale. 
The resulting nomograph consists of two 
parallel extreme scales with a network scale 
between them, Fig. 2. The network scale 
has vertical lines for values of x, crossed by a 
family of curves of a values. 

The segments are s equals f,(x)L/(f.(x) + 
f,(x)) in the construction of the nomograph 
for the polynominal, 


f(x) + Afs(x) + Bfr(x) = 0 (5) 


The intersecting lines are laid through B 
equals zero and A equals — f,(x)/f,(x) to 
letermine the ordinates of the x-scale. 

In setting up a nomograph for the equa 
tion 


axt + bx + cx +¢q=0 (6) 


n which q is a constant term, the functions 
f x can be defined by f,(x) equal ax* + 
1, f,(x) equal x* and f*(x) equal x. 

There is a relationship between the range 
f x and the ratio of the moduli of the A- 
ind B-scales that gives an optimum distribu- 
tion to the x scale for ease and accuracy of 
interpolation. A projected scale chart, Fig. 
3, advantageously selects the optimum ratio 
f the moduli of the A and B-scales and also 
icates the abscissas of the x-scale without 
further construction. 

For instance, to set up a nomograph 

herein the range is to be 25 to 250, both 

ales would be multiplied by 10. Thus 25 

ould take the position 2.5 and 250 the 
position 25 in Fig. 3. The range would fall 
approximately in the middle of the line O to 
A equal 10, which line would be used in 
establishing abscissas of the x-scale. Then, 

nce the values of both scales have been 
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multiplied by 10, a ratio of 100 would be 
used in setting up the A and B-scales. 

Part II treats two methods of constructing 
nomographs for polynominals in five varia- 
bles. The sixth variable P is introduced and 
the polynominal is factored into two expres- 
sions, each containing x and P and two co 
efhcients. The nomograph is arranged in 
two parts, on either side of a common scale, 
so that simultaneous solution will eliminate 
the parameter P. The two parts are set up 
in the manner described for polynominals 
of four variables. 

In the second of the two methods the 
general quartic equation 


A+ at+bettext+d=0 (7) 
if factored into the parametric form: 


(x? — P) + ax+5b=Oand 
Px2+cx+d=0 (8) 


where one part of the nomograph has the 
specifications 


f(x) = 2#-— P,A=aand B=) (9) 


and the second part of the nomograph has 
the specifications 


fi'(x) = Px, A! =e and B’ =d (10) 


Since A and A’ are coefficients of the 
same power of x in the parametric equations, 
the following relationship exists: If the 
moduli of the a, b, c and d scales are in the 
ratio m,/m, = m,/m,, and the c and d 
scales are colined with a and b scales, respec- 
tively, the abscissas of x for both parts of 
the nomograph will be identical. 

Fig. 4 shows the nomograph, the scales 
and ratio of the moduli for which were de- 
termined by the projected scale chart, Fig. 3. 








To solve for x, straight-edges are laid from 
a to b and from c to d. The value of x at 
which the straight lines simultaneously in- 
tercept identical values of x and P is a root 
of the equation. 


Similitude and Experimentation 


Foreign Abstract condensed from "Theory of 
Similitude as the Basis for Experimentation" 
by M. V. Kirpitchef, Bulletin of the Academy 
of Sciences, Class of Technical Sciences, (Rus- 
sia) 1945, No. 4-5. 


RESULTS OF AN EXPERIMENT dealing with 
phenomenon can be extended only to simi- 
lar phenomena. Thus, the theory of simili- 
tude must be the basis for experimentation. 
The theory can be applied only when the 
parameters characterising the phenomenon 
can be related by a mathematical equation. 

Three theorems of similtude can be ap- 
plied in the experimental study of phe- 
nomena. The first two indicate how the ex- 
periment is to be set up and how the results 
must be analyzed. The first theorem con- 
cerns the existence of similtude; the second 
concerns the existence of the so called cri- 
terial equation. The experiment must estab- 
lish all the magnitudes constituting the cri- 
teria of similitude, and the results of the 
experiment must be expressed in the form 
of a criterial equation. This being done, the 
data furnished by the experiment can be 
extended to all phenomena analogous in 
nature. 

The foregoing conclusion will remain 
purely formal until a means of recognizing 
the similitude of the phenomena can be 
found. It is true that similitude can be 
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established by means of experiment, but this 
is tantamount to repeating the experiment 
from the beginning. It is obviously of 
the greatest consequence to be able to 
recognize similitude on the basis of minimal 
data. 

The third theorem establishes the con- 
ditions necessary and sufficient for the ex- 
istence of similitude. It is distinct from the 
former two, which are based on the general 
equations. Since the establishment of simili- 
tude requires the comparison of concrete 

henomena, each of them must be isolated 
ons the multitude of phenomena described 
by the general equations. This can be done 
by adding to the general equations the con- 
ditions of mono-valuedness related to the 
phenomenon selected. 

For similitude of phenomena the magni- 
tudes in these conditions of mono-valuedness 


must obviously be similar, but this is not 
sufficient. Similar phenomena have numer- 
ically equal criteria of similitude. Among 
these criteria there may be such as are made 
up solely of magnitudes in the conditions of 
mono-valuedness. ‘These criteria must be 
then identical. The third theorem estab- 
lishes the sufficiency of these conditions for 
similitude between the phenomena under 
consideration. 

As applied to machines the third theorem 
is embodied in the low of model and furn- 
ishes a means of establishing similitude be- 
tween models and nature. Obtaining con 
ditions of mono-valuedness is a problem of 
theoretical physics. The differential equation 
can be integrated only when mono-valued- 
ness conditions are established. This means 
that the starting point for the theoretician 
and the experimenter is the same. 





Radio Relaying 


From "The Outlook for Radio Relaying" by 
Ralph Brown, Director of Radio and Television 
Research of Bell Telephone Laboratories, in 
October 1945 issue of Bell Laboratories 
Record, 463 West St., New York 14, N. Y. 


Permits for microwave radio-relay system 
between New York and Boston is practical 
attempt to apply to radio the repeatered- 
circuit methods for wire transmission and 
universally used in long-distance telephony. 
The significance of the undertaking is in- 
terpreted by Table I, giving the sweep of 
radio advances. 

The microwave radio relay may find its 
best place near the middle of other types of 


Estimated 
characteristics of an assumed microwave cir- 
cuit being 4,000 mc. transmission with an- 
tenna apertures of 100 sq. ft. show that the 
tadio-relay system would have 25-30 mile 
spacing between repeaters, a 24-3 db. per 
mile attenuation, and about a 70 db. re- 
peater gain. ‘The repeater spacing and average 
attenuation of this hypothetical radio-relay 
system falls between the voice frequency and 
carrier circuits used on toll cables. How- 
ever, its band width is more like that of 
the coaxial cable. Actual characteristics in 
practice and system cost are still uncertain. 
Also, until low-distortion amplifiers are avail- 
able for microwaves, multiplexing will have 
to use other than usual carrier methods. 


repeatered transmission systems. 






























































Table | | 1915 |Early 1920’s| Late 1920's s| 1930's |. 1940's 
| Trans- | | 
Trend of || atlantic | Ship-Shore F.M. | 
. || Radio- {Experiments} Trans- Television |Radio Rel 
| ry) rans | io Relays 
Radio Performance | — | | oceanic Virginia | and 
Characteristics | Demon- | Broad- Service Capes ? 
|| stration | casting Multiplex | 
Ideal | | 
Require- 5,000 500-200 60-15 7-2 15-3 
ments for Meters Meters Meters | Meters Centimeters 
Wire Type (60 ke.) |(.6-1.5 me.)| (5-20 me.) | (40-150 me.) |(2,000-12,000 
Performance | | mc.) 
— — | ———— = ." = ——4 y 
Directivity Sharp None None Some Moderate Sharp 
Moderate | None 
Static | Low Static | (As Yet) 
- Low and || Severe High Static | 
Noise Steady || Static Variable | Man-Made | Man-Made 
| Variable \Interference| Interference 
\| | Important | Serious | 
\| | =i 
i i a | | 
Transmission || Small and | | Marked Severe Echoes | Small and 
Disturbances |} Slow | Small | Rapid Rapid | Troublesome | Slow 
| for Television| 
dus | | seni ~— | ren ae ‘ 
Frequency 
Space Unlimited || Picayune | Meagre | Small Moderate Large 
Available | | (Crowded) | 
404 


Low-Pressure Molded Laminates 


From "Present Products in the Low-Pressure 
Molded Laminates” by W. J. Connelly, Bake- 
lite Corp. Presented Feb. 2, 1946 at the 
Low Pressure Conference, Society of the Plas 
tics Industry. 


THREE GENERAL TYPES Of resins are suitabl« 
for low-pressure laminate molding: 


1. Phenol-formaldehyde. 
Amines: Urea; b. 
Melamine-formaldehyde. 
3. Thermosetting ester resins. 


Thio-urea; 


Depending on the resin used, pressure: 
needed for proper lamination and successfu 
production may range from } to 500 Ib. pei 
sq. in. Two factors determine the resin’: 
suitability for low-pressure laminating: 


1. High flow at relatively low volatile con 
tent and pressure. 

2. Maximum bonding strength at a given 
low molding pressure. 


The strength and toughness of molde« 
laminates are proportional to both the resi 
and the filler. In general, excess acidity of 
the resin should be avoided because of its 
tendency to increase the brittleness of cellu 
lose fibers. Some thermosetting resins, wher 
used in glass cloth laminates, show excellent 
strength characteristics, while the same 
resins may cause embrittlement of cloth 
paper base laminates. 

The sizing of fabric definitely affects the 
strength of laminates. When a fabric 
used with phenol formaldehyde resin, tensil« 
strength of the unsized laminate is 25 per 
cent higher and impact strength is 30 per 
cent lower than the sized-fabric laminate 
It is possible to increase toughness by sizing 
fabrics with thermoplastic resins and bond 
ing with thermosetting resins. 

Alkaline paper speeds up the cure of som¢ 
resins. Acid paper is to be avoided becaus¢ 
within certain limits it may alter the cur 
of some resins, to cause delamination ort 
poor strength. It is more practical to use 
neutral paper and obtain a desired pH 
idjusting the resin. 

The bulk factor or density of the fille: 
influences, to some extent, the minimun 
pressure that may be employed. In general. 
increased bulk means increased resin con 
tent to effect flow at any given low molding 
pressure. Low resin, high density papers 
or tightly woven fabrics mold at lower pres 
sures than the waterleaf type of pape 
loosely woven fabrics, although materials 
having a low density are likely to spread and 
fill out the contours of the mold_ better 
his is especially true when molding com 
plicated shapes. 

Fabrics and matting used in low-pressur¢ 
molded laminates depend on specific 1 eed 
for specialized properties, such as electr ical 
ind mechanical properties. 

Five methods are used in low-presst« 
laminating: 

The autoclave method utilizes a femal 
or male mold and rubber bag. Such items 
as antenna mast housings are molded of 
glass cloth in sheet metal welded molds 
using this method. 

Second, the vacuum pressure metho 
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which a male mold is used with a rubber 
vag. A partial vacuum is created between 
the bag and the mold, producing an effec- 
tive pressure on the outside, up to 14.7 lb. 
per sq. in. (atmospheric), depending on 
how perfect a vacuum is obtained. Instead 
yf an autoclave, a plain oven is used. This 
nethod is used in making boast by sandwich 
-onstruction. 

Ihe third method is the “hat press” 
nethod in which molds, either male or 
female, are used with a vulcanized rubber 
bag in a toggle press. Instead of air within 
the rubber bag, hydraulic pressure is used. 
Open gas flame heated platens or steam 
channel platens are used, and most molding 
's done with female molds, although both 
male and female molds, or two female molds 
are_ used. 

The fourth process is the conventional 
multiple opening or single opening hydraulic 
press in which plain flat surfaces are pro- 
duced. This type of equipment has often 
een passed over when considering low- 
pressure molded laminates but it is ex- 
tremely important. Currently there are 
presses in operation with platen working 
surfaces 8 feet by 18 feet. 

The fifth process is the continuous lamin- 
ition method. Here the separate layers of 
naterial pass through treating tanks, merge 
it squeeze rolls with a top aad bottom layer 
of cellophane, which is always wider and 
onger than the material being laminated. 
Leaving the squeeze rolls, the assembly 
‘ravels through a heating tunnel. 

A sixth process, while not truly low- 
pressure laminating, should be included. 
[his is post-forming. Using simple wooden, 
aminated or light metal molds, the residual 
‘hermoplasticity of high-pressure laminated 
flat stock may be utilized by external heat- 
ng of the sheet, and forming while heated. 


Friction Welding of Plastics 


From "Friction Welding" by Robert N. Freres, 
Rochester Button Company. Presented Feb. 
7, 1946 at the Canadian Section meeting, 
Society of the Plastics Industry. 


(0 WELD two thermoplastic parts together, 
the surface temperature of each piece must 
e raised to its molding temperature, pres- 
sure applied and the parts cooled. In weld- 
ng, this surface heat can be applied by 
‘riction. For example, rotating a plastic rod 
na drill press at high speed against a sta- 
tionary part will develop frictional heat and 
taise the surface temperature to 300 deg. F. 

a few seconds. If both parts are then 
drought to rest and pressure applied, they 
can be welded. 

lhe heat generated by friction is the prod- 
ict of the coefficient of friction, the pres- 
sure and the distance moved. The time 
‘actor is not included. To reach a high tem- 
perature this friction must be applied at a 
rapid rate, so that the rate of heat input 
exceeds the heat dissipated. 

Frictional heat represents an improvement 
over Other types of surface heating. The 
‘eat is generated so rapidly that very little 
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heat is dissipated during cooling, resulting 
in a rapid production operation. Also, only 
the immediate surface is heated. A delicately 
molded part of thin section will not distort, 
since the heat does not penetrate deeply. 
The overflow or flash will be thin and 
easily broken off, making for an easy finish 
ing operation. 

A third advantage: As the material is 
heated and reaches molding temperature it 
begins to flow under the light frictional 
pressure. ‘Thus any dirt or oil present on 
the surface is removed, exposing a clean 
surface for the final weld. This is especially 
valuable when welding transparent plastic. 

Fourth, the high temperature obtained 
does not cause chemical changes, because air 
is excluded from the contacting surfaces. 
Nylon, for example, which is sensitive to 
oxygen at high temperatures, is easily welded 
at temperatures up to 500 deg. F. 

Cellulose nitrate and other flammable plas 
tics can be welded submerged in water. 
The quality of the weld does not suffer. 
Liquid filled plastic compass cases have been 
welded submerged in the proper liquid. The 
part is removed as one solid homogeneous 
piece completely filled with liquid, contain- 
ing no air bubbles. Plastics that weld at 
40 deg. F. have been welded in gasoline and 
yet do not burn because there is no air for 
combustion at the hot surface. 

Tests show that methyl methacrylate 
welded by friction is practically as strong in 
tension as the solid rod. The impact 
strength is slightly lower than the solid rod 
but twice as good as a cemented joint. Light 
transmission equals the cast rod. All thermo- 
plastic materials of the same chemical com- 
position can be welded by frictional heat 
and pressure. 

A further advantage of frictional heated 
welding is that rough surfaces can be used. 
If oversize parts are welded and the heating 
prolonged, the excess material can be re- 
moved during the welding. 

If one of the parts to be welded is cir- 
cular, it should be rotated in a drill press 
or lathe against the stationary part. A rub- 
bing velocity of about 1000 ft. per min. 
should be used. When the plastic begins 
to overflow, power should be cut off and 
about 300 lb. per sq. in. pressure applied. 
A few seconds after the parts come to rest 
the weld is completed. 

Any shaped piece can be welded if oscil 
lation is possible. Electrical vibrators of 
the proper size are suitable for welding 
irregular parts. An eccentric attached to a 
drill press has also been used. Non-uniform 
rubbing velocity over the entire area is 
compensated for, because the area receiving 
the greater rubbing heats rapidly and flows 
away, increasing the pressure on the cooler 
area, which in turn generates more heat. 
The result is a uniform surface temperature, 
despite the unequal rubbing velocity. 

A thermoplastic material can be softened 
by rubbing against a solid non-softening 
part; upon applying pressure a bond is ob 
tained. As in welding, the flow of heated 
surface material is required to bond thermo 
plastic materials to non-softening materials. 
A plastic knob can be bonded to a wooden 
handle by rotating the knob against the 
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wood until the plastic flows and then apply 
ing pressure. 

It has been found that the hot liquid 
plastic will penetrate deeply into wood or 
porous material. A plastic rod bonded to 
porous bronze penetrates to a depth of one 
eighth inch. Following this procedure ther 
moplastics can be bonded to materials such 
as wood, glass, metals and ceramics. Brass 
tubing can be fed directly into the plastic 
while rotating at high speed. The tube be 
comes bonded on both inside and outside 
surfaces and is difficult to remove. The 
special advantage of friction is that the tube 
cuts its own path into the plastic, displacing 
the material as it goes. ‘Thus the plastic sur 
rounding the insert is not as highly stressed 
as it would be if a hot tube was pressed into 
the plastic 


Need For Engineers 


From "Do We Really Need Engineers and 
Scientists’ by Allan R. Cullimore, in The 
Journal of Engineering Education, January 
1946, pages 320-26, published by the Society 
for the Promotion of Engineering Education. 


THE SHORTAGE Of engineers and scientists is 
so great that it will certainly affect not only 
the internal economy of the country, but 
will seriously impair the United States as a 
world power by limiting its capacity to pro 
duce and to supply world markets. The re 
turning veteran offers perhaps the easiest 
solution to meeting the deficit, which 
amounted to 20,000 engineers last year. 

By 1949, the earliest possible date for 
graduating sufficient engineers to meet the 
yearly demand, the minimum deficiency of 
50,000 engineers is predicted. In many in 
dustries the feeling is that more engineers 
will be needed in research and development. 
In other industries engineers—technical 
men—will be needed, particularly in the 
lines of distribution, with special emphasis 
on the need in foreign countries and mar 
kets. ‘The averages seem after this fashion: 
The smaller companies to find the greatest 
need for increased engineering personnel; the 
medium sized companies less and perhaps 
the larger companies the least. ‘These esti 
mates are spread over a wide range—from 
200 percent in the smaller companies to 50 
percent in some of the larger ones 

The capacity of the engineering colleges 
to train men, the effect of available jobs and 
wages upon the number of ex-service men 
that seek education, rejections because of 
educational deficiencies or because of de 
ficiencies in aptitudes and _ attitudes, the 
martial status of ex-service men, all in 
fluence the college enrollment. Legislation, 
executive orders and public education all 
have their proponents as to the method of 
correcting what may be called a desperate 
situation, 

Without even indicating that another war 
is possible, or that the dropping of another 
atomic bomb is within the limits of im- 
agination, it is a fact that realistically this 
country must maintain its place in the 
march of scientific and technological prog 
ress. 
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flow of liquid. Resistance co- “0.9 
fici iven for disch LF3 | rf 
efficients are given tor discharge ee = r 0.85 
orifices, pipe enlargements and tT ] : 
. . ' © 0.8 
contractions, diaphragms and I —= 65, 3 
‘ d F 
perforated plates, strainers and 7—— | —~ee --0.75 
‘ - ' aaa “ 
common fittings. Examples are i < - 
included to show how the data Y 75% 3 
" ° ° 0.65 0.65 
are applied in the solution of : . 25 
; 90° i) 7 
flow problems in pipe systems. 06 Te = r 0.8 
7 1208 60 : 
a | — be 
0.55 y a = = F 0.75 
; 140° x LH) [3 3 
05 4 ~ ear 0.7 
A SUBSTANTIAL PART of the general : &AVM .: 
equations used in the solutions of problems 045 = oe 70° = + 0.65 
dealing with the flow of fluids in pipe li {  /80°~ é —T : 
ealing with the flow of fluids in pipe lines F, A ot : 
consists of friction and resistance coefhicients 0.4 E xv f, Y = 0.6 
that have been established by experiments. 4 ku / 35 F 
In general, the mean theoretical flow of a 035 2 cas, | ross 
fluid in a piping system or a part thereof can e q 0 tT . 
be expressed in te f the ac q 30 — 
xpressed in terms of the actual mean = VA . 
Be ae ; me T . 03 = — t 0.5 
velocity and a resistance factor. Thus with 5 | / | ar 3 
0, = mean theoretical velocity, ft. per sec. = | V4 | | 
Ye = actual mean velocity, ft. per sec. 0.25 | / | J" oe T = 0.45 
wt = resistance factor = / WA 25 - 
lo = UMN (1) 0.2 + | | j 9.4 
Since pipe lines consist of many different / / | | lA | a 
elements the resistance factor « in Equation | / | | | La . 
(1) must take into account the individual | ff | La F 0.55 
resistance coefhcients of all the parts in the / / A, 20° | = 
system. This can be done when y/ i] 7 | 0.3 
F, = resistance coefficient of any part of I} / / ra a 
the system designated by the sub- A _ F 0.25 
script 7”. 4 | = = 
> F, = sum of the resistance coefficients of H / f 15° | ogee E 
the parts considered. y, /, VA - | 0.2 
and defining « by V4 V4 | i | a 
t + + — 
1 Y/ | | o° i | *“ 0.15 
= Vr YY, y | | | p= : o| | r “ 
=F a y = —— 0.1 
Values of resistance coefficients for differ- | ==—00 1 | | | | ; 
ent parts of a piping system are: a a ease F908 
7 . 
1. Discuarce Oriricr. Values given in- | ; | | | | | . 
clude the effect of contraction of flow. Bie Oe ke j— 
A. Free discharge from end of pipe 1.3 1.5 2 25 3 3.5 4 
Fre = 1 D/a 


- 





B. Free discharge through round orifice in 
thin bottom of tank 


Fiy =1.69 See Fig. 2 for angle 6 when L, D, and d are known. 
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Fig. |—Resistance coefficients F; for sudden and gradual enlargements of pipe. 
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TT. 
TTT tery) Se 
oe TTT Ti rectond | a, 
— : i a — $0.45 } 
.-~ ¢-—- - ee PE TE | 
C.. Free discharge through thin side wall * i. re - 6-7 Tr et 0.4 | 
of tank ——_<<aeees 120 | | | | |_| i: | 
Fie = 1.84 : 1 _—o - Pct rt 0.35 | 
4 100 rt tte) | 
2. Fiuiw Enrerinc Pire From Tank. Om 90 —_——-~~ | F 93 
A. Pipe fixed to tank Ags ota 0 » 
Fis = 0.49 GO 1 || TPS o25°4 
. , , ; r. 1 0 | : 
B. Pipe fitted with thick flange in which B636554 g | “ 
the internal diameter d increases to 1.28d, <a coe 6er anol TTT hte o- 
and radius of internal curvature is 1.63d. | LF 
Fr = 0.06 — | | =eeeee es 
F,, is calculated for the velocity of flow at — -0.1 
the section where area equals 0.785d?. —aoe t i | oot 5 
3. SupbDEN AND GrapUAL ENLARGEMENTS | zs : a 
~ or Pires. Values of resistance coefficients a oe | = , | , | : 
F, for pipe enlargements are given in Fig. | 1243 1S . > 25 35, j 
for different ratios of large diameter D to —> D/d 
| small diameter d and angle @ of taper. When 








the ratio of length of taper L to the inside Fig, 3—Resistance coefficients F, for sudden and gradual contractions of pipes. 
diameter d is known, Fig. 2 can be used See Fig. 2 for angle @ when L, D, and d are known. 











| to find 6. F, is calculated for the velocity of 
| flow in the small section of the tube. 


mm ow 
io) 


ee Oo 
=0.5(§-1) cor @ 4. SupDEN AND GRADUAL CONTRACTIONS OF 
Pipes. Values of resistance coefficients F, for 
contractions in pipes are given in Fig. 3. 
F, is calculated for the velocity of flow in the 
small section of the tube. 
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5. DIAPHRAGMS AND PERFORATED PLATES 

7 IN Pipes. Values of resistance coefficients F, 

6 for diaphragms of different thicknesses in 
| 5 pipes are given in Fig. 4 for different ratios 
| 4 of d*/D*, where d is the diameter of the hole 

3 
| 2.5 Fig. 4—Resistance coefficients F,, for 
2 diaphragms in pipes. 
| og 2.4 . G ceeees mama 

: oo 

1.0 2.34 D . vV—> [Fs | 

io aoe j for t<05d,use curve fh 

07 2.274 CEELIDEPLLIIEZM fort >Q5d,but<d,use 
| ; a wt curve B 
| 0.6 Fort >d, vse curveS 
| 2 ‘ 
04 2.0 4 \. 
| yn 1.9 i \ : | 
| 0.25 7 
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10 0.07 1.5 


; 0. 
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1.2 0.05 1.4 +——++ . \ oe - 0.6 
= 1.5 


2 2.5 3 35 4 di 
D/a 1.3 


Fig. 2—Enlargement angles in terms of L, D, and d. a \ \ he 
EAA, | Qt 
° 1.0 q \ \ L 


7 \ ie 
ag \ 


” i \ \ ] 


T T T T T T : s i me. 
a1 a2 03 aé@ G5 £6, 0.7 08 O09 ! 




















L 

. 
— 
a 
aA 

































































ul the diaphragm and D is the inside diame 
ter of the pipe. 

For diaphragms that have a number of 
holes instead of one central hole, 

5 = total] passage area of holes 

S = area of inside of pipe 

@/DP? = 5/S 
For example, if a wire gauze is fixed be- 
tween pipe flanges, and the ratio of passage 
area in the screen to the area of the inside 
of the pipe is 0.68, and the thickness of the 


wire gauze is less than 0.5d, then where the 
ordinate for d*?/D* equals 0.68 intercepts 
urve A, F, is read as 0.54. 


6. Firrincs AND BRaNcHES OF PipEs. 
Values of resistance coefficients F, for fittings 
and branches of pipes are given in Fig. 5 
Note the value of F, depends upon the 
direction of flow. 


7. Fiuiw Friction 1n Pipes. In Fig. 6 
values are given for a factor f for different 





velocities of flow, these values apply to new 
iron or steel pipes. Where 
L 


1 


length of pipe, ft. 
internal dia., in. 
the resistance cofhicient F, is found from 

F, = fL/d 
For copper or brass pipes, the values of t as 
given in Fig. 6 are multiplied by 0.85; for 
cast iron pipes multiply by 1.15; for old 
pipes multiply by 1.30. If oil is flowing in 
the pipes multiply values of f by 0.9. 





Fig. 5—{Right) Resistance coefficients F, for Fé] 


pipe fittings and branches. 


Fig. 6—(Below) Values of factor f for calculating 
resistance coefficients F; for flow in pipes. 





































































F,= F455 Lin ft,d inin. 





0.38 


























’ -F.=/ 
| --A--+ Jf 6 
| — 
{ KS ‘ 
T Pi 18) 
Z i 
[ “ae 
} er hls 
= 1.63 
F-=Sin@ 
= 6°; 
<-->} re 














SSS 
<--O--> 
















er 
D ——— ee 

















FIG.5 





7. : i f 
“Fez his E=//5 Sin @ 





4 7 


6 
V, ft. per sec. 


0.27 


0.26 








0.25 





0.24 


23 





20 25 30 





_ 


Propuct ENGINEERING — May, 1946 


T 


Pr 























1946 








5. Benps. In Fig. 7 values are given for a 
factor F, for different velocities of flow and 
ratios of radius R of bend to pipe diameter 
d. Where 

@ = angle of bend, deg. 
the resistance coefficient F, of the bend is 
found from 


F, = F,6/90 


9, E.sows. The resistance coefficients F, for 
non-reducing elbows are given in Table I for 
different angles of 6, where @ is the angle in 
degrees of the center line of the elbow. 


10. STRAINER GRATINGS OF PERFORATED 
SHEETS AT Pipe Mourus. 

A. Flat sheets. Resistance coefficients 
F,,, are given in Table II for different ratios 
of total passage area of holes s in flat per- 
forated sheets to passage area of pipe S, 
both for flow from tank to pipe and for 
flow from pipe to tank. 

B. Flat perforated sheet protecting the 
mouth of a gradually enlarged tube. Re- 
sistance coefficient is F4o,. 


Where d = diameter of pipe 
D = diameter of mouth 


: . ay 
Fine = Fioa x (5 ) i F; 





Table |—Resistance Coefficients F. for 








Elbows 
| | a 
é, deg. | Fy | 6, deg. | I 
0 | on | 70 0.58 
=| 0.20 | 80 0.90 
1) ee | 90 1.13 
60 | 0.47 120 1.90 





Table Il—Resistance Coefficients F,,, for 
Flat Perforated Sheet Strainers 














Flow from Flow from 

/S tank to pipe | pipe to tank 
10a Fria 
0.45 3.95 6.48 
0.50 3.04 5.16 
0.55 2.41 | 4.22 
0.60 1.97 3.50 
0.65 | 1.63 | 2.96 
0.70 | 1.37 2.52 

| 
Table ill—Resistance Coefficients F.,. 


for Hemispherical Perforated Sheets 


_ 








Flow from Flow from 

S tank to pipe pipe to tank 
10¢ 10e 

—— | Ss 
0.45 1.41 2.04 
0.50 1.18 1.71 
55 1.02 | 1.47 
1.60 0.91 1.30 
| 
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BENDS F=F, x 95 


For Sin. steel bends mu/tiply 


-— values of F, by 1.05; for 4 in by 1/0; 































































































































































for pipe bends. 





for Zin. by 1.20; for 2 in. by 1.50 
For old pipe bends multiply Fe ty 1.50 
For brass and copper bends mu/tip!y _ 
— values of Fo by 0.85 
For cast tron bends mu/tiply | 
values of Fy by 4$§ for linsby 20 | 
a 
for 5 in. bends j 7” 
| 
= — 0.45 
° 
04 © 
Cy * 
in, 
~" “) 
vo 
a 0.35 2 
) a = 
in > 
ra " 0.3 
0.25 
Z = 
pS be 
| a 
— : —_—0.2 
r0.15 
78 4 
a 23,4 
-————— t+ + 0.1 
| ’ 
| | | | 
| |_| a 0.05 
; 1.5 2 3 a 5 6 78 910 15 20 30 
V, Ft. per Sec. 


Fig. 7—Values of friction factor F, for calculating resistance coefficients F, 





C. Hemispherical perforated sheets. The 
values for resistance coefficients F,,, for 
hemispherical perforated sheets are calcu- 
lated with the aid of the data given in Table 
III. The values of F,,, listed in Table III 
have been estimated for a hemisphere having 
a diameter D equal to the diameter d of the 
adjacent pipe for different ratios s/S. 

When the ratio D/d is greater than one, 
and the flow is from pipe to tank, the value 
of F,,, from Table III is divided by (D/d)*, 
and to the value obtained is added the co- 
efficient F, for sudden enlargement from 
Fig. 1. Thus 

Corrected Fice = Fioe/(D/d)* + Fs 
When the ratio D/d is greater than one, 
and the flow is from tank to pipe, the value 
of F,,, from Table III is divided by (D/d)*, 
and to the value obtained is added the co- 


efficient F, for sudden contraction from Fig. 
3, thus 


Corrected Fice = Fioe/(D/d)* + Fy 


11. Gate, GLoBE AND ANGLE VALVES. 

A, B, and C. In Table IV are given re 
sistance coefficients F,,,, Fi», Fie, for gate, 
globe and angle valves respectively. 

D. Cocks. F,,4 = 0.10 

E. Ferranti gate valves, fitted to 5 in. and 
larger pipes. 

1. Passage area reduced to 25 percent, 
with D/d equal to 2, and convergent inlet 
and divergent outlet tubes of equal length 
length being 0.7 D. F,,, equals 6.20. 

2. Passage area reduced to 25 percent 
with length of inlet tube equal to 0.6 D, 
and length of outlet tube equal to 0.9 D 
F,,. equals 3.80. 

3. Passage area reduced to 43.3 percent, 
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with D/d equal to 1.52, length of inlet tube 
equal to 0.6 D, and length of outlet tube 
equal to 0.9 D. F,,, equals 1.05. 


The following examples will illustrate how 
the data are applied. 

Example 1. In the piping system shown 
in hig. 8, the feed tank is 6 ft. wide by 10 
ft. long, and 

H = 15 fe. 

Initial water level 
h, 6 ft. 

linal water level height in tank, h, = 1 ft. 

Ratio of pipe diameter d to jet diameter 
d, is to be 2 or 

d/dg =2 

The strainer is a hemispherical perforated 
sheet the diameter D of which is 1.3 times 
the pipe diameter d, or 

D = 1.3d 
Total passage area of holes is equal to 50 
percent of surface of hemisphere, or 

s/S = 0.50 

The bend has a center line radius R of 
3.2 pipe diameter, or 

R/d = 3.2 
In the globe valve the pressure is on the disk. 

The length L of the tapered portion of 
the jet is 4.2 times the jet diameter d,, or 

L/dy = 4.2 

Find the diameter of pipe and jet that 
will discharge the quantity of water between 
the levels specified in about 5 minutes. 
Solution: 

Mean theoretical velocity v, of flow 
through the outlet orifice of jet is 


oom gfe (w+ BE) 


height in tank, 











ee gee «9 
a: [_o - = 13.53 744 


13:53 K 0.171 = 2.314 in. 

Since losses will reduce the theoretical 
flow, the actual jet diameter will be larger 
than its theoretical diameter. For preliminary 
design purposes, select d, equal to 24 in., 
and by means of the resistance coefficients 
given for the parts of the piping system de- 
termine what the actual flow would be. 

With a jet diameter of 24 in., the pipe 
diameter di is 5 in. 

For a discharge rate of 1 cu.ft. per sec. 
through a jet diameter of 24 in., the mean 
jet velocity v is 

= eran = 29.4 ft. per sec. 

Assuming that the velocity of flow is the 
same in all parts of the 5 in. pipe line, the 
velocity in the parts is: 


[+ oy / = | X 29.4 = 7.35 ft. per 
sec. 
Using a velocity of 7.35 ft. per sec. the local 
resistances are: 
1. Strainer. From Table III and making 





necessary calculations for hemispherical 
strainer 
Five = 0 63 
2. Pipe. From Fig. 6, f = 0.277 


then for a pipe 13.7 ft. long 

F; = 0.277 X 13.7/5 = 0.76 
3. Bend. From Fig. 7 

Fy = 0.17 X 1.05 = 0.179 
then Fy = 0.179 K 90/90 = 0.179 


4. Globe Valve. From ‘Table IV 
Fy = 4.90 








The resistance coefficient for the system 
then is: 
1 1 
MK = = 
V1.484 1.218 
The mean velocity at jet is 
% = 0.821 X 34.4 = 28.24 ft. per sec. 
Volume of discharge per sec. through 24 
in. jet is: 
_ w (24)? X 28.24 
4X 144 
Time to discharge tank 


300 
0.965 X 60 


If this time does not satisfy problem 
specifications, repeat calculations using next 
larger size pipe. 


= 0.821 








= 0.965 cu.ft. per 


sec. 


= 5.2 min. 


Example 2. Pipe line to be the same as for 
Example 1, except the jet is removed and 
replaced with a short nipple. All other 
specifications to be the same as for Example 
1. Find diameter of pipe. 
Solution: 

Mean theoretical velocity v, of flow 
through nipple is 34.4 ft. per sec. 

For preliminary design purposes, select 
d, equal to 

(24 + 5)/2 = 3.75 in. or roughly 4 in. 

then establish resistance coefhcients. 

For a discharge rate of 1 cu.ft. per sec. 
through a 4 in. pipe and nipple, the mean 
actual velocity should be 


1 X 4 X 144 
yo eee 
} =XaxX4 11.45 ft. per sec 
Using a velocity of 11.45 ft. per sec. the 


local resistances are: 






































5. Jet. From Fig. 2, @ = 15 deg. 1. Strainer. From Table III and making 
= ¥? x“ 32.2 (1s ao ~— *) = 34 4 ft. From Fig. 3, F, = 0.08 necessary calculations for hemispherical 
: persec. 6, Discharge Orifice. F,, = 1 anes 
Volume of water to be discharged in 5 min. is The sum of the resistance coefficients re- aos 1.18 F 
6X 10 X (6 — 1) = 300 cu-ft. ferred to the velocity of flow in the jet is _— oe —* 
300 ; Fig + Fa + (Fust+Fe+FitFrioe] X (do/d)* From Fig. 1, F, = 0.22 
Discharge per sec. g = x7 1 cu.fe. = 1+ 0.08 + [4.90 + 0.179 + 0.76 m ~ 
Theoretical dia. dy of jet in inches 0.63] X + a ee eee ee 
: 4 X 1,728 . ‘i 
d? == = 1.08 +2 ‘ee = 1.08 + 0.404 = 1.484 2. Pipe. From Fig. 6 
T 2 ¥ = 0.269 
Table 1V—Resistance Coefficients F,,,, F,,, and F,,, for Valves 
Working faces 45 deg. to full opening 
ine | | | .. 7 
Size, in. 1 1} 2 | 2&4 | 3 = 3 & 6 7 8 10 l 
— ces le | _—— 
Fu, Gate MR. 1, c ca as 0.13 0.12 0.11 0.11 0.10 0.10 0.09 0.08 0.08 0.07 0.07 0.07 
Fis, Globe valves 
Pressure on disk.......} 9.18 8.30 1.30 | 6:80 | 6.27 5.50 4.90 4.55 4.20 3.95 3.58 ce 
Pressure under disk.....| 9.77 9.05 8.12 | 1.83 | 7.30 6.55 | 5.86 5.68 5.38 5.20 4.85 4.50 
Fie, Angle valves | 
Pressure on disk....... 3.65 5.2 2:75 | 2.52 | 2.30 2.00 | 81 1,76. |. 1.52 1.45 1.35 1.30 
Pressure under disk... 4.00 3.50 3.16 2.97 | 2.77 | 2.45 | 2.30 2.28 | 2.00 1.94 1.83 1.7% 
| | . 





Note: In general, the coefficient for a globe valve is 50 times that for a full-flow gate valve or a cock. 
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Fig. 8—Pipe system for emptying a feed tank by gravity flow. 
* filling an overhead storage tank. 


system with centrifugal pump 


then for a pipe and nipple 14 ft. long 
F,; = 0.269 X 14/4 = 0.943 

3. Bend. From Fig. 7 
Fy = 0.15 X 1.1 = 0.165 


then Fs = 0.165 xs = 0.165 


4+. Globe Valve. From Table IV, 

Fi» = 5.50 
5. Discharge at nipple, F,, = 1 

=F => Fie + Fi + F, + Fy a Frio 

=1 + 5.50 + 0.165 + 0.943 + 
0.633 = 8.241 

The resistance coefficient for the system 

then is 


1 
V8.241 
"he mean velocity in 4 in. pipe is 
34.4 
> = ——— = 11.97 ft. per sec. 
V8.241 , 


Volume of discharge per sec. through 4 in. 
Pipe 
x (4)? X 11.97 


q= Sarr = ning cu.ft. per 





Time to discharge tank 


300 : 
1.04 X 60 = 4.8 min. 


Example 3. In Fig. 9 is shown a centrifugal 
pump delivering water to a storage tank. All 
Pipe and fittings are 3 in. size. 


Height of discharge orifice in side of over- 
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Fig. 97—Pipe 


head storage tank from bottom of sump tank 
H = 40 ft. 

Sump tank is 15 ft. long by 8 ft. wide. 
Initial water level in sump tank, h, = 8 ft. 
Final water level in sump tank, h, = | ft. 
The capacity of the pump is to be such 

that water in the sump tank between the 
levels specified can be pumped out in about 
10 min. Pump efficiency is 60 percent. 

Radius of center line of pipe bends is to 
be 3 times their diameter. 

Mouth of discharge pipe is 1.3 times pipe 
diameter, length of taper at enlargement is 
1.4 pipe diameter. 

Length of discharge pipe between bends, 
L, = 20 ft. 

Straight length of suction pipe, L, = 10 ft. 

Valve is the gate type. 

Find horsepower required to drive pump. 


Solution: Theoretical velocity of flow cor- 
responding to mean pressure head: 


h 2 
oe 


= 2x32 2 (40 - => 


= 2,280 = 47.8 ft. per sec. 
Volume of water to be pumped out of 
sump tank 
15 Xk 8 X (hi — Wy) = 120 X 7 = 840 
cu. ft. 
Discharge per second 


q= ws = 1.4 cu.ft. per sec. 








Mean velocity through a 3 in. pipe 
_ 14x 4X 144 
- wr 3? 

The local resistance coefficients are: 


1. Suction Pipe Inlet. F,, = 0.49 
2. Three Pipe Bends. From Fig. 7 


= 28.45 ft. per sec. 


Fo =0.123 Fs = 0.123 X 90/90 X 
3F, = 0.4428 1.20 = 0.1476 
3. Gate Valve. Table IV, F,,, = 0.10 
4. Pipe. From Fig. 6, f = 0.26 


then for a-pipe 10 + 20 or 30 ft. long 
F;, = 0.26 X 30/3 = 2.60 
5. Enlargement of Discharge Pipe. 
From Fig. 2, 6 = 12.5 deg. 
From Fig. 1, F, = 0.04 
6. Discharge Orifice. 
Fi. = 1 X (1/1.3)* = 0.35 
=F = 0.49 + 0.443 + 0.10 + 2.60 + 
0.04 + 0.35 = 4.023 
Where 
weight of water per cu. ft. =(62.4 lb. 
pump delivery pressure, lb. per sq. in. 
32.16 ft. per sec. per sec. 
velocity of discharge, ft. per sec. 


mean theoretical velocity of flow, 
ft. per sec. 


the fundamental ge equation is 
V2 = 144 Pp . 
+e yet st Day 
Then by substitution 
47.8? + 28.45? X 4.023 _ 18.7 Ib. per 
296 sq. in. 


Horsepower required to drive pump 


18.7 X eX 3? X& 28.45 
4x 550 X 0.6 


a 


WH" VS 


~ 





P= 








= 11.4 hp. 





SOURCES OF DATA used as a basis for establishing the coefficients of resistance here cited 


or given in chart form are: 


For F, and F,, Smith's experiments, see “Treatise on Hydraulics’ 


For F,, Proceedings of the Royal Society. 


. Saph and Schoder. 


For F, and F,, Freeman's and Flienger's experiments 
For F,, Transactions American Society of Civil Engineers, Vol. 62, together, with Prof. Gibson's 


experiments. 


For F,, Fanning's experiments, see “Treatise on Hydraulics" 


, Saph and Schoder. 


For F,, Transactions American Society of Civil Engineers, Vol. 62. Davies’ experiments in Wis- 


consin. 


For F,, and F,,. 


author's experiments. 


These are calculated on the basis of F,, F,, F,, F,, and controlled by the 


For F,,, established by experiments made by Vicker's Navy Yard and the Hydraulic Laboratory 


of St. Petersburgh Politechnicum. 
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RESEARCH—STANDARDS—PATENTS 


Electronic Numerical Integrator and Computer 


New Machine to Aid Industrial Design 


A NEW MACHINE that is expected to revolu 
tionize the mathematics of engineering and 
change many of our design methods has 
been developed by the Army Ordnance De 
partment. 

Designed and constructed for the Ord- 
nance Department at the Moore School of 
Electrical Engineering of the University of 
Pennsylvania, this machine is the first all- 
electronic general purpose computer ever 
developed. It is 9 of solving many 
technical and scientific problems so complex 
and difficult that all previous methods of 
solution were considered impractical. 

The mathematical robot, known as the 
ENIAC (Electronic Numerical Integrator 
and Computer), is the invention of Dr. J. 
W. Mauchly and Mr. J. Presper Eckert, Jr., 
both of the Moore School. Begun in 1943 
at the request of the Ordnance Department 
to break a mathematical bottleneck in 
ballistic research, its peacetime uses extend 
to all branches of science and engineering. 

Fortunately for our modern mode of liv- 
ing many design problems were possible of 
solution by ordinary mathematical means 
and in a “practical” length of time. The in- 
troduction of the differential analyzer ex- 
panded the scope of physical problems which 
could be readily solved by mechanical 
means. This type of computing device which 
is sometimes referred to as a continuous 
variable machine will accept a fairly large 
class of total differential equations. The a.c. 
network analyzer further expanded the scope 
of problems which could be solved. How- 
ever, the class of problems which can be 
solved by both these means is still very 
limited. Further, since these machines per- 
form all operations of a computation in 
parallel, the size and complexity of the spe- 
cific problem they can solve, even in the 
class which they will accept, is limited by 
their number of arithmetic components. 


Need for High Speed Computers 


Physical problems that cannot be solved 
analytically (i.e., cannot be solved by for- 
mulas) are increasing in number. Such prob- 
lems have been handled by computational 
methods or through the use of specific 
analogy machines. An _ illustration of the 
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Overall view of the ENIAC, being prepared for a hydrodynamical problem. 


computational approach is the work of the 
English physicist, Douglas R. Hartree, on 
the structure of the atom. This work in 
volved a series of calculations extending over 
a period of 15 years, by the methods availa 
ble to Hartree. 

The new complexity of problems arising 
in the physical sciences have made specialized 
devices necessary. Just as higher mathe- 
matical systems had to be invented to deal 
with theories which could no longer be 
handled by ordinary arithmetic, so new de- 
vices to make these theories of practical 
value had to be designed. An interesting, yet 
comparatively simple, example of such spe- 
cialized devices is the planimeter which 
works by means of a mechanical analogy; 
the relationship between a cam and disk 
represents the formula, which is used to find 
the area under a curve. 

A further example of the analogy tech- 
nique is found in the use of wind tunnels. 
At present, the supersonic wind tunnel at 
the Ballistic Research Laboratory at Aber- 
deen is used about 30 percent of the time 
is an analogy machine to solve aerodynamical 
problems. Industrial research organizations 
frequently make use of highly specific an- 


alogy machines, such as the a.c. network 
analyzer mentioned previously, to solve such 
problems as electric circuit theory equations 
or the partial differential equations that en 
ter into electron-optics problems. For the 
latter, thousands of rubber analogy “models” 
are built every year. Not only are such tech 
niques lengthy and costly, but a sufficient 
degree of accuracy is not always obtained 


Continuous and Discrete Variables 


There is a fundamental difference between 
the planimeter, for example, which is a con 
tinuous variable type of calculating device 
and arithmetic devices which operate on 
crete variables or in a step-wise fashion 

The first suggestion for a large scale con 
tinuous variable machine, now called a dif 
ferential analyzer, was made by the Englis! 
physicist, Lord Kelvin, in a series of papers 
given before the Royal Society in 157 
Machines of this kind had been built 4 
least five different times before one of | 
tical design was produced in this coun 


+ 


The first successful differential anal 
was designed and built in this country 
1925. The designer was Dr. Vannevar B 


distinguished wartime head of the Office 0 
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scientific Research and Development, who 
vas at that time Professor of Electrical En 
zineering at the Massachusetts Institute of 
Technology where the machine was built. A 
nore comprehensive differential analyzer was 
yuilt by Dr. Bush and his associates at 
\L.1.T. in 1930. In the Fall of 1945 an 
ynther differential analyzer of the Bush type 
vas announced at M.I.T. This machine in 
‘ludes no basic principles which were not 
present in the earlier machine, except that 
various elements are coupled elcctrically 
ind the data fed in by special tapes. 

\lthough the M.I.T. analyzer and others 
of its kind, including the two used by the 
Ballistic Research Laboratory of the U. S$ 
Army Ordnance Department were doing 
work throughout the war, it became increas 
ngly evident that differential analyzers and 
ther existing continuous and discrete varia 
dle machines had shortcomings which made 
t impossible to keep pace mathematically 
with new physical discoveries. In making 
up ordnance firing and bombing tables for 
mstance, the differential analyzer can pet 
form many labor-saving operations up to a 
certain point, but beyond that, individual 
ilculations must be performed. 

Besides not being able to handle discrete 
ilculations, differential analyzers cannot 
work practicably with high-order or partial 
differential equations. A typical problem of 
this type involves shock-wave calculations in 
the design of ordnance projectiles. 

The obvious limitations of existing devices 
#t both the continuous variable and dis 
rete variable types indicated that high speed 
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digital calculators, capable of handling all 
types of computing problems, were urgently 
needed. The first such large scale genera 
purpose machine was built by the Inter 
national Business Machines Corporation and 
dedicated at Harvard University in 1944 
This machine, called the Automatic Sc 
quence Controlled Calculator, can perforn 
many operations not possible on a differentia 
analyzer. The problems of speed and flexi 
bility were by no means completely solved 
by the Harvard machine. Although elaborate 
sequences of operations are completed fairl) 
rapidly, limitations imposed by the action 
times of mechanical parts make its overall 
speed much less than that of a purely elec 
tronic device. It remained for the ENIAC 
to make complicated design calculations 
such as the projectile design problem men 
tioned previously, possible in a_ practica 
ength of time. 


Description 


Ihe ENIAC occupies a room 3U by >t 
feet in size. It weighs 30 tons and has 10( 
feet of front panels. This machine is the 
most intricate and complex electronic device 
in the world, requiring for its operation 
18,000 electronic tubes There are no moving 
parts in the machine. 

External to the ENIAC, but a part of 
the total installation are two comparativel 
small 1I.B.M. punch-card machines which 
feed information into the ENIAC from 
punched cards and receive the results there 
from in a similar manner. 





These ‘digit trays consist of eleven conductors and a ground, Ten of the con- 
ductors represent the ten digits, maximum number of significant figures handled 
by the machine. The eleventh conductor carries the sign indication. 
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ENIAC Timing Chart 


Micro- Addition 
Operation sec, Times 





Addition, Subtract- 

ion, or Transfer 
Including transfer from 

constant transmitter 200 l 
lransfer repeated n 

times in the accu- 





mulator 2007 n 

(mn = 1 to 9) 
Multiplication 
By n digit multiplier 800 + 

(n = 2 to 10) 200” 4+n 
By ten digit multiplier 2,800 14 





Division or Square 
Rooting 
Average time for nine 


digit result 26,000 130 
Average time for n digit 

result (n+1) 13x 

(n = 3,6,7,8,o0r9) %* 2600 (n+ 1) 
Maximum time for nine 

digit result 42,000 210 
Maximum time for n 

digit result (n+ 1) 21x 

in == 3,.6, 7, 8, of 9 < 4200 (n+ 1) 





Obtaining a Func- 


tional Value Once 1000 5 
Repeated n times 800 + 4+n 
(nm = 1 to 9) 200» 





Ihe forty maim panels of the ENIAC are 
arranged in a large U, with 16 of the panels 
on cach leg and $ panels on the end. (See 
layout diagram on the following page.) 

The ENIAC is the fastest computing 
machine in the world, and is 500 times faster 
than any existing machine. It is about 1000 
times as fast as the Harvard-I.B.M. com- 
puter. ‘lime consumed in basic operations 
is listed in the accompanying “ENIAC 
Timing Chart.” 

The ENIAC consumes 150 kilowatts. 
This power is supplied by a three phase 
regulated, 240 volt, 60 cycle power line. 
The power consumption may be broken up 
as follows: 80 kilowatts for heating the 
tubes, 45 kilowatts for generating d.c 
voltages, 20 kilowatts for driving the ven 
tilator blower and 5 kilowatts for the aux- 
iliary card machines. 

The operational characteristics of the 
K;NIAC may be classified as follows: arith 
metic, memory and control elements. 

[he arithmetic elements of the ENIAC 
cxist in a number of units listed in the 
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accompanying layout diagram. The most 
important of these are: 20 accumulators, 1 
multiplier and 1 combination divider and 
square rooter. The accumulators provide 
means for storing numbers computed in the 
course of a problem and for allowing the 
addition or subtraction of a second number 
to or from the stored number. They are 
capable of performing these operations on 
numbers having as many as ten decimal 
digits and indicate the associated plus or 
minus sign. The multiplier can find the 
product of two demical numbers, each hav- 
ing as many as ten digits. The combination 
divider and square rooter can find the 
quotient of two nine-digit decimal numbers 
or the square root of a nine-digit decimal. 

Memory elements of the machine can be 
divided into two groups: “internal memory” 
and “external memory.” The former exist 
in all memory devices within the machine, 
thus being of limited capacity, while the 
latter exist outside of the machine in the 
form of punched cards and is accordingly of 
unlimited capacity. Communication between 
the internal and external memory takes place 
at speeds which are set by the mechanical 
punch card devices. 


How It Works 


Control elements include the initiating 
unit, concerned mainly with starting and 
stopping, and the cycling unit which gener- 


ates the fundamental signals used in the 
ENIAC. Since the ENIAC contains a num- 
ber of trunk circuits and because all units are 
synchronized by permanent electrical con- 
nections with the cycling unit, operations 
between pairs of ENIAC units can be carried 
out simultaneously. The cycling unit con- 
tains an oscillator which generates electrical 
impulses at the rate of 100,000 per second, 
each pulse having a duration of two micro- 
seconds (millionths of a second). These 
pulses are fed into a 20-position electronic 
stepping switch or “counter,” which enables 
the cycling unit to put out a special impulse 
or “program pulse” at every 20th pulse of 
the “clock” (oscillator) and a train of other 
fundamental pulses during the interval be- 
tween program pulses. The program pulses 
form the basis of the programming system 
and set off the beginning and end of the 
addition cycles which are the basic arithmet- 
ical intervals of the machine. The addition 
cycles thus are repeated at 1/20 of the 
“clock” rate or at the rate of 5000 per sec- 
ond. The addition cycle or addition time, 
1/5000 of a second or 200 micro seconds, is 
so named because one such cycle is required 
to complete an addition in the ENIAC. 
The general method of handling a prob- 
lem with this machine is as follows: First, 
the engineer must analyze his problem so 
that he can write down mathematical equa- 
tions that express the phenomena involved. 
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Second, he must break down the mathe- 
matical formulation into a sequence of ad- 
ditions, subtractions, multiplications, di- 
visions, square rootings and transfers from 
unit to unit of the ENIAC so that the 
ENIAC can be instructed to make the com- 
putations. Finally, a small amount of time 
is required in preparing the ENIAC for a 
problem by such steps as setting program 
switches, putting numbers into the function 
table memory by setting its switches, and 
establishing connections between units of 
the ENIAC for the communication of pro- 
gramming and numerical information. 


Industrial Applications 


The electrical and electronics industries 
are among the first who may make use of 
the ENIAC-type calculators. Design of 
much complex and expensive equipment 
such as transformers, rectifiers, generators, 
motors and other heavy-duty units is limited 
by many unknown factors. Model-building 
on a large scale is too expensive; analogy ma- 
chines, such as network analyzers, are used. 
The use of such machines cannot be con 
sidered true experimentation; their parts 
“represent” certain physical quantities, and 
often no close relationship exists between 
variation in these quantities and change in 
materials or shape of product parts. Reason- 
ing by analogy is an accepted logical instru- 
ment, but drawing analogies should not re- 
place scientific “cause-and-effect” thinking. 
Moreover, these analogy devices represent a 
large dollar-and-cents investment, especially 
when one considers the narrowness of scope 
of the problems they can accept. 

In the electronic industry, rubber models 
are used as analogy devices in the designing 
of vacuum tubes in order to determine the 
electro-magnetic characteristics involved. 
These are not really models in the true sense 
of the word: tiny steel balls “represent” elec- 
trons; curved paths “represent” various quan- 
tities, such as potential energy. 

Design of mechanical products, especially 
prime movers, is likewise a costly process. 
Electrical analogy machines are also used in 
this field: mechanical problems are trans- 
lated into electrical analogies, and then back 
again. Expensive mechanisms such as steam 
and gas turbines, diesel engines and jet en- 
gines do not lend themselves to model- 
building because of costs. Here again, a 
high-speed general purpose computer is a 
definite need. 

Aircraft design and research are extremely 
costly processes, because of the need for 
wind tunnel experimentation. The designers 
of the ENIAC believe that from 30 to 50 
percent of this type of experimentation could 
be eliminated by the use of high speed cal- 
culation. The entire field of ietiedpeneics 
or the mechanics of fluids in motion, is 
becoming prohibitively costly, and is sorely 
in need of mathematical treatment. 

No one expects that the industrial effects 
of the ENIAC will become far-reaching 
overnight; it is felt, however, that large in- 
dustries which mass-produce heavy and ex: 
pensive products, will be among the first to 
make use of the ENIAC, at least for the 
research phases of design. 
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INDUSTRY AND SOCIETIES 


Stationary Gas Turbine Operates at 1500 Degrees F. 


A 3,500-Hp. EXPERIMENTAL GAS TURBINE 
capable of operating at temperatures up to 
1,500 deg. F. has been designed and built for 
the Navy by the Allis-Chalmers Mfg. Com- 
pany. Although it has been tested for two 
years at the U. S. Naval Engineering Experi- 
mental station at Annapolis, publicity con- 
cerning this unit was not permitted until 
recently. 

A modern high temperature steam plant 
operates at exhaust temperature, and an inlet 
temperature of 950 deg. F. Gas turbines 
must operate at a terminal temperature from 
500 to 1,000 deg. F. at atmospheric pres- 
sure, since the exhaust gas from an open 
cycle gas turbine cannot be condensed. For 
comparable and better efficiency than steam 
plants, it is clear that inlet temperatures 
must be considerably higher than 950 deg. F. 

Although gas turbine-driven superchargers 
for bombers and fighters during the war 
operated up to temperatures of 1,600 deg. 
F’., the present outlook for the application of 
gas turbines for marine propulsion and 
other power sources is operation at 1,500 
eg. F. The aim of the Annapolis unit is to 
guide designers of future multiple-stage gas 
turbines operating at this temperature. 

Metallurgical composition of the parts of 
the Allis-Chalmers-Navy turbine, as in the 
case of war-born turbosuperchargers and jet 
propulsion units, is not disclosed. It is clear 
that, for reliable design of these parts, com- 
position is the all-important factor. 

One design modification, however, made 
necessary by the nature of the new alloys, is 
revealed. This is cooling of the high tem- 
perature disks at the high pressure ends of 
the turbines. The Annapolis turbine includes 
such cooling features for the high tempera- 
ture spindle parts. 

Special provision for the linear expansion 
of piping at these high temperatures were 
required. A special type of expansion joint 
is used at several points in the installation; 
this accommodates the expansion by the 
rotation of the adjoining members of the 
joint. This piping was designed with an 
inner skin or gas conducting member, over 
whose walls there is no pressure difference. 
Mineral block insulation between the inner 
and outer wall establishes the temperature 
drop, whereby the outer wall is cooled suf- 
ficiently to maintain physical strength. ® 


The Cycle 


The cycle selected for the Annapolis tur- 
bine is known as the parallel turbine regener- 
ative cycle. One turbine drives the gas 
generator compressor and the second, or 
power turbine drives the water brake or 
dynamometer, which absorbs the output 
while measuring it at the same time. Air 
enters the gas generator compressor at atmos- 
pheric pressure, and is there compressed to 
45 Ib. per sq. in. gage pressure. The com- 
pressed air then enters the heat exchanger, 
where it is heated by the turbine exhaust 
gas from a temperature of 363 deg. F. at the 
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Exhaust end of power turbine (right) is point where net power output of entire 
unit can be measured as it is absorbed by water brake (center). 
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Power turbine and water brake for measuring net power output of the Allis- 
Chalmers experimental gas turbine at Annapolis is shown above in the fore- 
ground. At upper right is the regenerator, or heat exchanger, which preheats 
air passing from compressor to the two combustion chambers. This heat is 
salvaged from the hot exhaust gases leaving the two gas turbines. At right 
center is a battéry of coolers for the air used in internal turbine cooling. 
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compressor discharge to a temperature of 
750 deg. F. at the entrance to the combus- 
tion chambers. After leaving the heat ex- 
changer, the preheated air flows directly 
lownward into the two horizontal combus 
tion chambers, one of which supplies the gas 
generator turbine driving the compressor, the 
other supplying the power turbine. Power 
generated by the gas generator and power 
turbines can be independently controlled. 


Simplified Practice 
Recomendations 


PRINTED copies of Simplified Practice 
Recommendation R212-45, Cast-Brass Sol- 
der-Joint Fittings, are now available, accord- 
ing to an announcement of the Division of 
Simplified Practice, National Bureau of 
Standards. The recommendation sets up a 
stock list of east-brass solder-joint fittings 
representing the best thought of the indus- 
try, its distributors and customers as to 
what constitutes desirable practice for the 
immediate future. Sketches illustrate the 37 
types of fittings, various sizes of which are 


included in the list. Copies of Simplified 
Practice Recommendations R212-45 may be 
obtained from the Superintendent of Docu- 
ments, Government Printing Office, Wash 
ington 25, D. C., for 5 cents each. 


a > aa 


\ proposed Simplified Practice Recom 
mendation covering automatic regulating 
valves, which was submitted to producers, 
distributors and users last November by the 
National Bureau of Standards, has been ap- 
proved. 

Automatic regulating valves are used in 
industry for controlling temperature, pres 
sure, level or rate of flow of fluids. The pur 
pose of the recommendation—R219-46, 
Automatic Regulating Valves—is to establish 
as a useful standard of practice in the in- 
dustry a simplified list of pressure ratings 
and sizes of seven types of valves made of 
steel, iron and bronze. 

It was developed by a simplified practice 
committee of manufacturers in cooperation 
with the Division of Simplified Practice of 
the Bureau of Standards. ‘The recommenda- 
tion will retain on a voluntary basis certain 
of the simplified practice features of a man 


datory issued by the War Production Board 
which was effective during the war. 


Mt x 


A proposed Simplified Practice Recom 
mendation for Steel Rivets has been sub 
mitted to producers, distributors and users 
for consideration, comment and approval 
Mimeographed copies of the proposed rec 
ommendation may be obtained from the Di 
vision of Simplified Practice, National Bureau 
of Standards, Washington 25, D. C. 


x * oe 


A voluntary Simplified Practice Recom 
mendation for Hot-Rolled Carbon-Stee! 
Bars and Bar-Size Shapes, (Billet Steel Mill 
Practice), as proposed by the Technical 
Committee on Carbon Steel Bars, of the 
American Iron and Steel Institute, has 
been submitted to all interests, for their 
comment, acceptance as proposed, or both 

The proposal covers the nominal sizes 
of: rounds; squares; round-corner squares; 
hexagons; half-rounds; ovals; half-ovals; bar- 
sizes of angles, channels and tees. Readers of 
this announcement are invited to make 
known their interests. 





Airborne Television Has Commercial Future 


\ SUITCASE SIzED aerial television camera 
was among latest television equipment 
lemonstrated by the Navy at the Anacostia 
Naval Air Station Developed for combat 
reconnaissance and _ guided-missiles, the 
equipment was divided into two classifica 
tions, “Block”? and “Ring” television. De 
signed by the Navy and the Radio Corpo 
ration of America, it was built by R.C.A. 
and the National Broadcasting Company. 
Television pick-up and transmitting equip 


ment that once might have filled a large 


room was redesigned and built to “‘suit 





+16 


case” compactness for military use in the 
Block system. The camera weighs about 34 
lb., and the transmitter, monitor, power sup- 
ply and junction box add 90 lb. to the in- 
stalled weight. “Block” has a range of 15 
to 20 miles, a peak power output of 6( 
watts at 264 to 372 megacycles, and pro 
duces 40 frames a second in sequential scan- 
ning, with 350 lines on the receiving screen. 
Special transmitting antennas have been de- 
signed for each of its ten workable channels. 
It may be a forerunner of portable “‘walkie- 
lookies” for covering news events, and may 


be used for industrial remote control. 

A large version, called “Ring,” was de 
veloped too late for use in the war. In 
stalled, it weighs 1,400 Ibs. with all acces 
sories. “‘Ring’’ has a transmitting radius of 
200 miles at an altitude of 22,500 ft. Its 
peak power output is 1.4 kw. of 90 or 102 
megacycles, and a specially designed antenna 
gives uniform radiation in all directions. It 
uses two movable cameras, while “Block” 
is fixed in the nose of the plane. 

Photograph at left shows a “Ring’’ camera 
installed at the waist hatches of a JM-1 
Marauder. At right a moored blimp as seen 
on a “Ring” receiving scope eight miles 


from the plane, at an altitude of 1,000 ft 
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WASHINGTON NOTES 


Government to Enter Into 
Engineering Research Field 





Gradually, the administration’s policy on 
technical research is taking shape, emerging 
as the clear-cut, unadulterated program of 
the Kilgore-Henry Wallace camp in em- 
battled Washington. Readers of this column 
are by now familiar with the Kilgore “com- 
promise” bill for support of basic scientific 
research. Containing ideas specifically op- 
posed by all the major engineering societies, 
this piece of administration-sponsored legis- 
lation is soon to be introduced to an un- 
suspecting Senate. 

\ comparatively unknown side cf the ad 
ministration’s technical “aid” program how- 
ever, kept warming up on the sidelines until 
the Kilgore-Magnuson squabble was safely 
settled, is about to enter the race for Con- 
gressional passage. This is the bill sponsored 
by Senator J. W. Fulbright of Arkansas, S. 
1248, which would establish an “Office of 
Technical Services” in the. Commerce 
Department. 


Covering the Entire Field—In the report 
issued by the prolific and numerous Kilgore 
staff in connection with his “compromise” 
bill, $.1850, the administration’s plan for 
“total” federal coverage of science and engi- 
necring is revealed. ‘Talking about the func- 
tions of the various divisions of the National 
Science Foundation which would be set up 
under the Kilgore bill, the report says: 
“The subcommittee (Kilgore’s Subcommit- 
tee on War Mobilization) conceives the func 
tion of the Division of Engineering and 
Technology to be the support of research 
in the fundamental engineering sciences and 
other studies basic to the broad develop- 
ment of technology, not the engineering 
development of machines or processes. It is 
thus clear that the functions of this division 
do not conflict with those of the Office of 
Technical Services which $.1248 would es- 
tablish in the Department of Commerce to 
aid private inventors and industries with the 
engineering development of new ideas.” 

The phrase “engineering development of 
machines or processes” lets the cat out of the 
bag where the Fulbright bill is concerned. 
Is it possible, Washington is asking, that 
Kilgore and Fulbright have divided the 
entire field of basic and applied science 
between them, tying up government control 
into two neat little legislative packages? 


The Fulbright Bill—Shortly to be introduced 
on the floor of the Senate, S. 1248 has 
two avowed purposes. Its primary aim is to 
“coordinate the Government’s present tech- 
nological research facilities and information 
to make them more readily available to 
business.” In plain language, this means 
that various government agencies, perma 
nent and war-born, would be lumped to 
gether in a super technical “service” office 
in the Commerce Department. Agencies in 
the new office would include the National 
Inventors’ Council, Office of the Publication 
Board, the Office of Production Research 
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U. S. Army Air Forces 


Now IN PROCESS OF ASSEMBLY is the Arny’s newest super bomber, the XB-36, a six- 
engined pusher type plane, described by General H. H. Arnold as larger, faster and morc 
powerful than the B-29 Superfortress. It is shown above in artist’s sketch 





and Development, formerly part of the War 
Production Board and the ‘Technical Ad- 
visory Service of Maury Maverick’s now 
defunct Smaller War Plants Corporation 
The inclusion of this last agency has drawn 
most fire from engincering circles, where the 
feeling is that Mr. Maverick’s agency made 
a complete fiasco of technical service and 
no reason can be discerned for such an 
operation to become a success merely by 
transferring it to Commerce Dept. sponsor 
ship. Rather, opportunity for the establish 
ment and growth of a super-boondoggle is 
seen in this proposed agency. 

The second avowed purpose of the bill is 
to “hasten the introduction of useful new 
inventions by affording facilities to inde 
pendent inventors for evaluation of their 
inventions and by providing forms of assist- 
ance for development of worthy inventions.” 
This is carrying the Commerce Dept. atti 
tude of “let’s be kind to the small business 
man” to the extreme. 

Just how the determination is to be madc 
that the invention is practicable and that 
there is a reasonable likelihood that its de 
velopment would lower costs of production 
or increase industrial efficiency is not stated. 
Experience has shown that such determina 
tion can be made only after the invention is 
tricd out and whcther it is to be tried or 
not depends upon the present condition of 
the industry in question, what other methods 
there are of performing the functions which 
the new invention is supposed to perform 
and other pertinent factors. It is felt by 
many that this is a province of industry 
rather than of government. 

Opportunity is scen here by responsible 


engineers for every crack-brained inventor 
who has government backing to set himself 
up in competition with sound businesses 
supported by government funds and equip 
ment. It is felt that political control of 
engineering research might result, with the 
government being able to dole out funds and 
technical assistance to competitors of firms 
im political disfavor with the administration 


Patents—Last, but far from least, the bill 
“provides for methods of promoting wider 
use in private business of the large number 
of public-controlled patents which have re 
sulted from Government research and de- 
velopment.” Here, the link with the Kilgore 
bill is clear. Patents resulting from federally- 
financed “‘basic”’ research under the Science 
Foundation would be funneled through the 
new Commerce Dept. agency, and directed 
to firms chosen by the agency. 

Furthermore, no development is to be 
undertaken, or advances made, unless the 
inventor is willing to license the United 
States Government to use this information 
without the payment by the United States 
of royalties or other fees. ‘This is entirely 
understandable if the United States Gov 
ernment were to use this invention in con 
nection with direct Governmental activities 
But it is further provided that the inventor, 
to be able to take advantage of this pro- 
vision, must grant non-exclusive licenses to 
any applicant on a reasonable royalty basis 
ind the “‘reasonable royalty” is to be deter- 
mined by the government. 

Thus, the same policy which the Kilgore 
bill would establish in the physical sciences, 
would be continued and enlarged on in the 
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commercial application of scientific and en- 
gineering research. This legislation is cer- 
tainly not designed to allay the fears of 
those who are wary of government interven- 
tion into private enterprise. An example of 
practical scientists and engineers who oppose 
such intervention can be found in the Com- 
mittee Supporting the Bush Report. As de- 
scribed in the January “Washington Notes” 
column, these men are opposed to most of 
the provisions of the Kilgore bill. Further, 
the use of such old-line agencies as the 
Bureau of Standards, which has had the 
cooperation of private industry in the past, 
in giving “technical service” to the new 
agency is looked on with some trepidation 
by engineers who feel that its standards may 
be lowered thereby. 


Wallace’s Role—Not content to wait for leg- 
islative action, Secretary of Commerce Wal- 
lace has obtained executive orders from 
President ‘Truman, still acting under the 
War Powers Act, which has enabled him 
to begin de facto organization of the pro 
posed Office of Technical Services. The 
Office of Production Research and Develop 
ment has already been transferred to the 
Commerce Dept. Thus far, its work has 
onsisted mainly of issuing reports of the 
research accomplished while it was part of 
W.P.B. Unlike its former functions, how 
ever, the Commerce Dept. intends to make 
of it primarily a “technical service” unit. 
This is reminiscent of the Smaller War 


Plants Corp. technical advisory service, 
which asked for information from large re 
search organizations, in order to transmit 
this information, gratis, to small businesses 
who might very well be their competitors. 

A further step taken by Wallace has been 
the transfer of the Smaller War Plants Corp. 
to the newly-formed Office of Small Busi- 
ness. Thus, the pattern is clear: The legis- 
lation of Kilgore and Fulbright is designed 
to perpetuate in law what Henry Wallace 
has been able to construct in the name of 
“emergency.” 


Fulbright’s Activities—Senator J. William 
Fulbright, recently mentioned as a possible 
successor to Nicholas Murray Butler as presi- 
dent of Columbia University, seems to be 
following in the footsteps of Senator Harley 
M. Kilgore, not only in similarity of ideas 
but in prolificacy of legislation. 

Recently introduced by Sen. Fulbright 
was a new bill, $.1636, which would amend 
the Surplus Property Act of 1944, to desig 
nate the Department of State as the dis 
posal agency for surplus property outside of 
the United States and its possessions. 

Its second provision, not stated in the 
opening announcement, is perhaps more im- 
portant. This section would authorize the 
Secretary of State to enter into agreements 
with any foreign government for the use of 
currencies or credits acquired as a result of 
surplus property disposal abroad for the pur- 
pose of providing for the financing of studies 


for American citizens in institutions of 
higher learning located in such foreign coun- 
tries. The bill would further authouze the 
use of such funds to provide financial assist 
ance to citizens of such foreign countries in 
studying in American schools of higher 
learning located abroad. Finally, the bill 
would authorize the use of such funds and 
credits for the purpose of furnishing trans 
portation for citizens of such foreign coun 
tries who desire to attend American school 
and institutions of higher learning within 
the United States. 


May Fair—Still another recently-introduced 
Fulbright bill, $.1836, continues the “‘let’s 
be kind to*the small businessman”’ trend. 
This bill would establish an annual National 
Small Industries Fair, to be held for one 
week during the month of Mav. To ex 
pedite the Fair, an Office of Director of 
the National Small Industries Fair would be 
established, with a director at a salary of 
$10,000 a vear, and twelve regional assistant 
directors. 

There being nothing narrow in Mr. Ful- 
bright’s makéup, he defines exhibits at the 
Fair to consist of: “(1) Products in actual 
production; (2) products not yet in produc- 
tion which the exhibitor wishes to test for 
buver response; (3) products which are the 
property of inventors who are seeking to 
interest manufacturers.” 

Mr. Fulbright does not mention an appro 
priation for a Maypole in this bill 





Acid-Resistant Heat-Stable Plastic 


\ NEW INDUSTRIAL PLASTIC that withstands 
icids which dissolve gold and platinum and 
retains its strength and form at higher tem 
peratures than anv known organic materia 
vas disclosed by the DuPont Company be 
fore the annual American Chemical Society 
meeting at Atlantic City. Gaskets and wire 


} 
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insulation for jet engines are now made of 
this plastic, which is unharmed by tem 
peratures up to 575 deg. F. It is the only 
I] stand up under such high 
temperature It is also used in aircraft igni 
tign systems near spark plugs where ordi- 
nary insulators fail at high temperatures. 


plastic that w 


The plastic material, tetrafluoroethylenc 
resin—to be known by the trademark 
“Teflon” —was developed in DuPont tr 
search laboratories. Limited amounts in the 
forms of sheets, rods, tubes, coated wire, 
tape, and fabricated sections are now avail 
ible for experimental purposes. 

Conduits subject to attack by corrosive 
materials and spacers for coaxial cables con 
ducting extremely high-frequency circuits are 
other applications. Because its dielectric loss 
factor is extremely low, even at frequencies 
up to 3,000 megacyles, it is claimed to be 
an excellent insulating material for currents 
of ultra-high frequency. 

Aqua regia, chlorosulfonic acid, acetyl 
chloride, boron trifluoride, hot sulfuric acid, 
hot nitric acid and boiling solutions of 
sodium hydroxide do not affect the polymer. 

Subjected to a temperature of 572 deg. F 
continuously for three months in a recent 
test, it showed virtually no degradation, and 
retained all its useful properties. It is not 
adversely affected by temperatures as low 
as minus 75 deg. F. Its water absorption 
rate is practically nil. 

Shown in the photograph are some of 
the numerous applications for ‘Teflon 
tetrafluoroethylene resin: flared 
threaded pipe, cylinders, coaxial ole 
spacers, gaskets, tape, a plug cock, a valve 
stem packing and a rod. 

Difficulty in fabrication and high cost of 
manufacture are conditioning factors in the 
plastic’s present stage of development. 


tubing, 
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Plastics Manufacturers 
Sponsor Research Program 


Long-range research in plastics products 
problems has been started at the Massa- 
chusetts Institute of ‘Technology, sponsored 
by the Plastic Materials Manufacturers Asso- 
ciation, made up of the leading producers of 
plastics. 

[The work at M.I.T. will be under the 
supervision of Professor A. G. H. Dietz, of 
the Department of Building Engineering and 
Construction, who will act as director of the 
project. Research will deal with the funda 
mental engineering properties of plastics 
and, if necessary, will set up new test meth 
ods, similar to those now available for other 
structural materials. 

Included in the M.L.T. research program 
will be studies of such factors as the effect 
of molecular structure upon the behavior of 
plastics; How the rate at which loads are ap 
plied affects the strength properties and 
ductility of these materials; how plastics may 
be expected to act when loads are applied 
and removed as in structures subjected to 
vibration; what the effect of different tem 
peratures may be upon plastics of various 
types, and what may be the effect of age 
upon the strength properties. 

Existing methods of testing will be ex- 
amined for their applicability to the plastics, 
and new methods will be developed, if neces 
sary, to make the needed measurements. 

With a measurement of some of the 
“pure” physical properties by special tests 
such as are now possible with metals, it is 
felt that it will be easier to correlate proper 
ties of the material and the end use of the 
product 

It is the aim of the M.I.T. research to 
correlate physical properties with chemical 
composition, but none of the research will 
be atmed at development of new plastics. 
Only plastics now in existence or which will 
become commercially available will be 
studied, and results of such research will be 
published in scientific journals, with data 
made available for industrial laboratories of 
participating companies while the research 
is in progress. 

Representing the plastics association on 
the steering committee for the project will 
be Dr. D. S. Frederick, vice president of 
Rohm and Haas Company, Philadelphia. 
Assisting Dr. Frederick from P.M.M.A. will 
he Harold W. Paine of E. I. du Pont de 
Nemours and Company, Inc.. John H. 
Adams of Bakelite Corporation, W. C. Gog 
gin of the Dow Chemical Company, Howard 
J. Nason of Monsanto Chemical Company, 
ind I. W. A. Mever of Tennessee East 
man Corporation. 

NSsoK iated with Dr. Dietz on the M.L.T. 
Plastics Committee are Dr. E. A. Hauser, 
Professor EF. R. Schwarz, Dr. W. H. Stock 
mayer, and Dr. W. M. Murray. The asso 
ciation has named a test specimen committee 
composed of L. A. Sontag of Durez Plastics 
and Chemicals, Inc., W. E. Gloor of Her 
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cules Powder Company, and J. A. Murray 
of Plaskon Division, Libbey-Owens-Ford 
Glass Company. 

Dr. Robert Burns of Bell Telephone 
Laboratories will act as representative of the 
American Society for Testing Materials in 
an advisory capacity to the steering commit- 
tee. As dean of engineering at M.I.T., Pro- 
fessor Edward L. Moreland will have over- 
all direction of the project. 


Gas Turbine Laboratory 
To Be Established at M.I.T. 


Gifts totalling half a million dollars for 
establishing a gas turbine laboratory at the 
Massachusetts Institute of Technology for 
graduate instruction and fundamental re- 
search in this new field of engineering, were 
announced by Dr. Jerome C. Hunsaker, head 
of the department of aeronautical and me- 
chanical engineering. 

Recent advances in gas turbine design in- 
dicate significant possibilities for the future 
and emphasize the need for specialized tech- 
nical studies and the discovery of new tech- 
niques required in the construction of ma- 
chines operating at extremely high speed, 
high temperature and high compression. The 
Institute’s new laboratory, which is to be 
completed as soon as possible, will include 
a supersonic wind tunnel and facilities for 
research on the elements of compressors, 
combustion devices, jets, and gas turbines. 
Test facilities will also be provided for the 
operation under controlled conditions of 
such devices. 

Early realization of the project is made 
possible by substantial grants from a group 
of leading industries, all of which will bene- 
fit from fundamental research on gas_tur- 
bines. Those contributing to the program 
include: Alfred P. Sloan, Jr., chairman of 
the board of General Motors Corp.; the 
General Electric Co.; the Westinghouse 
Flectric Co.; the United Aircraft Co.; the 
Hooven. Owens, Rentschler Co.; and the 
Curtiss-Wright Corp. Professor Edward S. 
Tavlor is project engineer for the laboratory. 


Westinghouse Opens Western 
High Frequency Laboratory 


A new laboratory to which western indus 
try may bring for study its problems of 
speeding production by making use of high 
frequency heating, was opened by the West 
inghouse Electric Corporation in Los 
Angeles. In charge of the laboratory is 
Dr. Russell A. Nielsen, formerly of the 
company’s Research Laboratories at East 
Pittsburgh, Pennsylvania, assisted by a staff 
of engineers. 

Included in the laboratory’s equipment 
are many dielectric heating units: The five 
kilowatt dielectric heating generator in the 
laboratory operates at a frequency of either 
five or 30 megacvles—5,000,000 or 30,000, 
000 cvcles. The 20-kilowatt induction heat 
ing generator operates at a frequency of 450 
kilocvcles, well below the familiar commer 
cial broadcasting band. On a onc-kilowatt 
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Dr. Russell A. Nielsen, in charge of the 
High Frequency Laboratory opened by 
Westinghouse in Los Angeles, changes 
the power level on a transformer in a 
20 - kilowatt 450-kilocycle industrial 
radio frequency generator used in in- 
dustrial induction heating. 


generator, Dr. Nielsen demonstrated the 
high speed setting of glue, a process which 
is materially speeding the fabrication of ply 
woods and enabling the manufacture of 
thicker, stronger sections than were possible 
by earlier processes. ‘Thermosetting glue in 
the demonstration was set in less than one 
minute. 


Naval Ordnance Award 
Presented to Industrial Designer 


The Naval Ordnance Development Award 
was presented to the staff of Walter Dor 
win Teague by Captain J. S$. Champlin, 
Bureau of Ordnance, U. S. Navy, Washing 
ton, D. C. “for distinguished service to the 
research and development of Naval Ord 
nance,” in a dinner given in New York on 
March 22. 

In addition to the staff award, Certificates 
for Exceptional Service to Naval Ordnance 
Development were presented to 18 members 
of the staff 

Commander C. E. Haugen, USNR, pre- 
sented a similar award to the Los Angeles 
staff of the Walter Dorwin Teague organiza 
tion at a dinner Tuesday night, March 26th, 
at the Hotel Huntington, Pasadena, Cali 
fornia. Dr. L. A. Richards of California 


Institute of Technology, who is largely re 


sponsible for the development of Naval 
rocket launchers, delivered an address. The 
Los Angeles staff was originally established 
it Pasadena in 1943 for collaboration with 
Cal Tech in the development of the Naval 
rocket program. 
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American and Foreign Engineer 
Equipment Demonstrated 


U. S. Army ENGINEER EQUIPMENT and 
its counterpart in captured German and 
Japanese equipment was demonstrated re 
cently at the Engineer Board, Fort Belvoir, 
Virginia. ‘The purpose of the exhibit was to 
enable engineers and manufacturers to in 
spect existing U. S. and foreign equipment, 
with a view to further development. 

The exhibit included more than 200 
separate items of engineer equipment, classi- 
fied as follows: (1) Survey, mapping, and 
photogrammetric equipment, including a 
complete display of Carl Zeiss instruments 
and featuring the Stereoplanigraph; (2) Elec- 


board motor; remote indicating compasses 
and an Italian vehicular magnetic compass; 
capsules developed by the Germans for pre 
venting fungus fouling of optical instru 
ments; and a German one-piece amphibious 
suit with inflation charger. 

Shown in the photograph is the low 
ground pressure tractor with bulldozer, 
which was designed to furnish a crawler 
tractor with ground pressure sufficiently low 
to permit construction dozer work and the 
towing of equipment, in mud areas, swamps 
and jungles. Developed primarily for Engi- 
neer construction battalions by the Cater- 
pillar Company and International Harvester 
Company, the low ground pressure tractor 
dozer is of value where ground support is 
insufficient for crawler tractors of standard 


design. Pilot models are under test, and 
satisfactory results are being obtained. These 
are modifications of the standard Corps of 
Engineers medium crawler tractor, having a 
wide gage extended tractor frame equipped 
with 32 in. wide track shoes in lieu of the 
standard 20 in. shoes. 

The gross weight and dimensions of these 
tractors, equipped with bulldozers, does not 
exceed the capacity of the standard Engineer 
truck trailers when rapid transportation is 
necessary. The bulldozer blade is mounted 
inside the tracks rather than by use of the 
conventional mounting arms, which are out- 
side of the tracks. The modification of the 
design permits the use of other standard 


tractor attachments such as A-frame cranes, 





trical and electronic equipment with the 
latest American and foreign developments in 
mine detection, the odograph and pedograph, 
and infra-red; (3) Construction equipment 
—comparative studies and demonstrations of 
American and foreign design in earth movers, 
augurs, trailers, road and airfield equipment, 
and tractor-mounted cranes; (4) Water sup- 
ply equipment and distillation units, and 
airborne well-drilling machines; (5) Bridg- 
ing equipment, storm and _ assault boats, 
power launches, pontons, outboard motors; 
(6) Demolition devices, including under 
water instruments. 

Among items of interest to American 
science and industry were German, Italian, 
and Japanese crawler-type tractors and air 
and oxygen compressor equipment; a Japa 
nese 250 kg. internal combustion pile driver; 
a Japanese oscillating hand water pump; the 
Japanese “Ishii” and German ‘Katadyn’ 
water filters; a German ponton “B” bridge 
of stainless steel; a German block and tackle, 
with plastic block and silk or rayon rope; a 


Japanese 2 cylinder “Kinuta” gasoline out- 


revolving cranes and winches. 








Army Displays German Transportation Equipment 


CaprurED GERMAN DIESEL ENGINES, locomotives, railroad cars, a 
minesweeper, and other German transportation equipment was 
recently inspected by representatives of American science and indus- 
try at Fort Monroe, Virginia. The exhibit, which included more 
than 35 items, was prepared by the Army’s Transportation Corps 
Board. ‘The equipment was obtained in Germany by the ‘Transpor 





tation Corps Technical Intelligence Team, under orders from the 
Office of the Chief of Transportation. 

Various Diesel engines, ranging from a 45-horsepower engine to 
a 2,500-horsepower engine which weighs 10,000 pounds, were on 
display. These engines were developed by the Germans for marine 
use and for locomotives. The purpose of exhibiting the engines was 
to permit investigation by American engineers of the German 
designers’ basic technical developments, with a view to commercial 
adaptation and mass production. 

A 135-foot Diesel rudderless minesweeper included in the exhibit 
has vertical type (cycloidal) propellers and is the first craft of this 
type to cross the Atlantic under its own power. 

Other items on display were a supercharged, 2,000-horsepowet 
submarine engine; a high-speed locomotive with individual \-type 
engines; a 17,000-gallon tank car, constructed so as to require n0 
underframe; a Class 52 condensing locomotive; a lightweight Diesel 
locomotive with fluid mechanical drive; 12-cylinder, V-type, ait 
cooled Diesel Engines; gas turbine driven superchargers (in three 


sizes); three electrical speed transmissions; several Voith-Schineider 
cycloidal propeller units, including control stand and accessories; and 


a propeller with welded, hollow stainless steel blades. 

Shown in the photograph is the V-20 Marcedes Benz liesel 
engine, which develops 2,500 hp. at 1,630 mph. The total linder 
capacity is divided into many individual cylinders, which are 0 
welded steel. The crankcase is made of aluminum alloy and reaches 
to the upper part of the cylinder. The supercharger is gear driven 
from the aft end of the crankshaft. This type of diesel engine was 
used on German “E” boats, in groups of two or three. 
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Programs of Society Meetings 


Tue PitrspurcH Section of the Electro- 
chemical Society is sponsoring a Symposium 
on “Surface Reactions” at the Mellon In- 
stitute of Industrial Research on June 7. 

The following program has been arranged: 

“The Chemical Structure of Thin Oxide 
Films on Metals and Alloys Formed at Ele- 
vated Temperatures,” Dr. J. W. Hickman, 
babies ay Research Laboratories. 

“Surface Area Measurement on Metal Sur- 
faces,” Dr. D. H. Emmett, Mellon Institute 
of Industrial Research. 





MEETINGS 


Mid-America Exposition—Industrial exposi- 
tion May 23-June 2, Public Hall, Cleveland 
14, Ohio. 


American Foundrymen’s Association — An- 
nual meeting, including symposium for de- 
sign engineers on “Engineering of Gray Cast 
Iron,” May 6-10, Public Auditorium, Cleve. 
land. 


Metal Powder Association—Spring meeting, 
June 13, Waldorf-Astoria Hotel, New York. 


American Gear Manufacturers Association— 
Annual meeting, June 3-5, The Homestead, 
Hot Springs, Virginia. 

American Society for Testing Materials— 
Annual meeting, June 24-28, Hotel Statler, 
Buffalo, N. Y. 


Society for Experimental Stress Analysis— 
Spring meeting, including symposium on 
fatigue of manufactured parts, held jointly 
with A.S.T.M., June 24-26, Hotel Statler, 
Buffalo, N. Y. 


American Electroplaters’ Society — National 
meeting, June 17-20, William Penn Hotel, 
Pittsburgh, Pa. 


Colloid Symposium — Annual symposium, 
May 28-29, University of Wisconsin, Madi- 
son, Wisconsin. 


National Association of Corrosion Engineers 
~Annual meeting, May 7-9, President Hotel, 
Kansas City. 

American Institute of Electrical Engineers— 


Summer Convention, June 24-28, Hotel 
Statler, Detroit. 


Society of Automotive Engineers—Summer 
meeting, June 3-7, French Lick Springs, 
French Lick, Indiana. 


Acoustical Society of America—Annual meet- 
ve May 10-11, Hotel Pennsylvania, New 
ork. 


American Society of Mechanical Engineers 
~Semi-annual meeting, including first tech- 
ucal session of the Machine Design group, 
June 17-20, Hotel Statler, Detroit. Aviation 
Division meeting, June 3-6, University of 
California, Los Angeles. Power Division 
meeting, June 12-15, Hotel Schroeder, Mil- 
waukee, Applied Mechanics Division meet- 
ing, June 21-22, Hotel Sheraton, Buffalo. 


a 


“Theory of Oxidation and Tarnishing,” 
Dr. W. E. Campbell, Bell Telephone Labs. 

“Relation Between Solid Binding and 
Surface Structures,” Dr. Frederick Seitz, 
Carnegie Institute of Technology. 

“Reactions Attendant with Carburization- 
Decarburization of Steels,” Mr. J. K. Stan- 
ley, Westinghouse Research Labs. 

“Thermodynamics of Surfaces and Solu 
tions,” Dr. J. C. Warner, Carnegie Institute 
of Technology. 


A ca x 


Several interesting technical symposiums 
are being prepared for the 1946 Annual 
Meeting of the American Society for Testing 
Materials to be held at the Hotel Statler in 
Buffalo during the week of June 24. Also 
under way will be the Seventh A.S.T.M. Ex- 
hibit of Testing Apparatus and Related 
Equipment and the Annual Photographic 
Exhibit. In addition to the some fifteen to 
twenty technical sessions necessary for the 
program there will be a large number of 
meetings is the Society’s technical com 
mittees. 

Two of the symposiums which should be 
of interest will involve Testing of Parts and 
Assemblies, the second covering Fatigue of 
Materials. The Society for Experimental 
Stress Analysis is joining with A.S.T.M. in 
sponsoring the symposium on Testing of 
Parts and Assemblies. 

Further topics will include round table 
discussion on Test Methods of Freezing 
and Thawing Concrete to Determine Dura- 
bility, a session dealing with Tools for Identi 
fication of Water Formed Deposits, and a 
Symposium on pH Measurement. 

The Annual Edgar Marburg Lecture, 
always an outstanding feature of the meet- 
ing, will be presented this year by Dr. J. J. 
Mattiello, Technical Director of the Hilo 
Varnish on the subject “Protective Organic 
Coatings as Engineering Materials.” 


a * x 


First technical session of the newly formed 
Machine Design group of the American 
Society of Mechanical Engineers will be 
held on the afternoon of Monday, June 17, 
1946, during the semiannual meeting of the 
Society in the Hotel Statler, Detroit. All 
engineers interested—whether A. S. M. E. 
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members or not—are invited to attend. Fol- 
lowing is the program for the session: 

“Application of Tables for Helical Spring 
Design” by H. F. Ross, United Shoe Ma- 
chinery Corp., Beverly, Mass. 

“High-Speed Chain Developments’ by 
A. W. Meyer, Brown & Sharpe Mfg. Co., 
Providence, R. I. 

“Evaluating Self-Locking Nuts for Indus 
trial Equipment” by Wm. E. Horenburger, 
Elastic Stop Nut Co. of America, Union, 
N. J. 


Engineering Societies to Help 
Restore Technical Libraries 


A NATION-WIDE CAMPAIGN looking toward 
restoration of engineering libraries in war- 
devastated areas overseas was announced re- 
cently by the American Society of Mechani- 
cal Engineers, through its Committee on 
International Relations. An appeal was is- 
sued to engineers throughout the country to 
assist with gifts of technical books and 
periodicals to replace those lost or destroyed. 
Donations of money will be used to buy 
new books for foreign technical libraries. 

Supporting the movement besides the 
A.S.M.E. are four other national Engineer- 
ing Societies: American Society of Civil 
Engineers, American Institute of Mining and 
Metallurgical Engineers, American Institute 
of Electrical Engineers, and American In- 
stitute of Chemical Engineers, all repre- 
sented on the committee. The aggregate 
membership of the five societies is more 
than 80,000. Headquarters of the commit 
tee is in the Engineering Societies Building, 
29 West 39th Street, New York. 

The Committee on International Rela- 
tions has met with an enthusiastic response 
from foreign officials, engineers, librarans and 
educators with whom it has been in con- 
tact, according to Chairman Robert M. 
Gates of New York, a past president of the 
A.S.M.E. Requests have come from China 
and the Philippine Islands, and for a specific 
list of books needed in Czchoslovakia. The 
goal of the campaign is to begin restocking 
libraries despoiled by war, to modernize 
those long shut off from the outside world, 
and to advance technical progress generally, 
with mutual benefits to engineers both at 
home and abroad. 
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DISCUSSIONS AND COMMENTS FROM READERS 





Component Design and 
Performance Specifications 


To the Editor: 


Col. T. B. Holliday’s reply to Mr. H. S. 
Spencer’s comments (page 865, December 
1945 issue) on the Colonel’s article ‘“‘Fail- 
ures of Electrical Equipment from Poor 
Mechanical Design” justified further discus- 
sion. Satisfactory field performance of any 
component, for aircraft or otherwise, depends 


on engineering effort rightly applied in the 
branches of material choice, component de 
sign, and component application, and per 
formance in no one of these branches fully 
accounts for field failure. Our experience 
indicates the major cause of field trouble, if 
selection should be attempted, has been in- 
adequate application engineering. This has, 
in some instances, resulted from failure of 
the component manufacturer to make availa 
ble product information needed for correct 
application. Much more often, however, 
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misapplication resulted although product in- 
formation was available. 

Delay in bringing back to the component 
manufacturers information and samples illus- 
trating field troubles slowed corrective action 
in some cases. Additionally, corrective 
measures developed by component manufac- 
turers as answers to field troubles were, in our 
experience, slow in reaching the field. As a 
result, such troubles continued even after 
they had been recognized at service head- 
quarters and remedies made available. 

Complete sealing of a switch or any other 
electrical device should not be advanced as 
the only answer to field requirements, nor as 
the solution for every failure already ex- 
perienced. Test procedures must first be de- 
veloped that will dependably establish com 
ponent performance under carefully defined 
conditions (including environmental ). These 
conditions should represent, in the greatest 
possible degree of accuracy, field operating 
requirements that components will be re 
quired to meet. Then the component manu- 
facturer should be allowed any degree of 
engineering freedom he chooses to make use 
of, so long as his product meets such test 
requirements, plus such definition of en- 
velope, terminal arrangement, and so on, 
which may be necessary to accomplish field 
interchangeability. If our combat equip 
ment of the future is developed on a basis of 
“It must be made so” rather than “It must 
perform so” the component manufacturer, 
the component user, and the Armed Services 
will all suffer R. A. MrLLERMASTER 

Assistant Mgr. Development Department 
Cutler-Hammer, Inc. 


Wants Hardened Walls 
To Prevent Cylinder Wear 


To the Editor: 


We make a certain type of cylinder for 
circular knitting machines. It is about 4 in. 
long, with outside diameter of about 34 in. 
and an inside diameter of about 3 in. We 
mill slots lengthwise on the outside of the 
cvlinder for the needles to work in, these 
slots being about #5 in. deep, and it is 
necessary that the walls of these slots be 
hardened to prevent excessive wear by the 
necdles. 

We have much difficulty in hardening 
these walls properly, as the cvlinder tends 
to warp when heat treated. There is no 
necessity for the whole cylinder to be 
hardened, though there is no objection to it, 
provided the walls are hardened. We would 
like some advice on the best tvpe of steel 
to be used for this application and the best 
wav to harden the walls of the slots with- 
out warping the entire cvlinder.—J. J. A. 


“The Mind To Work 
Is the Root of Progress" 


l'o the Editor: 


Your March editorial strikes me as being 
i very sound piece of philosophy. I am sure 
that it would be an excellent thing for all of 
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us if such counsel were taken to heart by 
more people throughout the land. It seems 
to me that you have made a definite contri- 
bution to our present day sociology in this 
editorial and I only hope that it is read 
carefully and considered seriously by all of 
your readers. —W. J. Kinc 
. General Electric Co. 


To the Editor: 

The editorial in the March issue of 
Propuct ENGINEERING is a splendid presen- 
tation of the problem before us today. I 
think you have done the public a service in 
placing emphasis on the fact that a new, or 
should I say old-fashioned, concept of life 
must be instilled in a great portion of our 
population. 

In our engineering departments that we 
have under our control we can attempt the 
creation of better moral standards as you 
suggest. I have always felt that the subject 
of personnel was the most important phase 
of my job. —Don SMELLIE 

Chief Engineer 
The Hoover Company 


I'o the Editor: 


I liked vour March editorial, not because I 
agree with it, but because it touches on 
ground that interests me intensely. I have 
much more faith in the essential soundness 
of people than to believe that all but a few 
prefer to work for the return rather than in 
response to an urge which they do not at 
tempt to analyze and which they do not 
have to control. 

My experience in the handling of people 
has been almost entirely limited to technical 
personnel, in whom there always seems to be 
“the mind to work.” 

As an engineer myself (it is inconceivable 
to me that anvbody could stand the moral 
strain of working for a living in any pursuit 
other than what he prefers. I have noticed 
recently (in my experience) a new phenome 
non: there is a general drift of engineers, 
laboratory assistants, draftsmen and other 
personnel awav from corporations. These 
men do not leave in order to do similar 
work for some other concern; they leave us 
in order to engage in some entirely different 
pursuit; engineers have left us in order to 
operate a dude ranch, run a package store 
go into partnership in a fish market, operate 
a line of cabins, to run a flving school and 
barnstorming activity and many other types 
of business. What I find most surprising is 
that so many of these men are relinquishing 
their technical work for straight business. 

I have found that exactly the same drift 
is taking place in many manufacturing com 
panies and, on further discussion of this 
phenomenon with members of firms so 
affected, I have come to the conclusion that 
it is not a symptom of demoralization at all. 
I believe that the urge which causes all these 
men to pull out of companies which they 
have been happv to serve for many vears de 
rives from their realization that employment 
by a large organization is no longer anv 
guarantee of security. Many men would pre 
fer a conservative income rather than an 
opportunitv to make much more monev 


which would be offset by comparative lack 
of security. 

So far as my own observation goes, any 
want of “the mind to work’ among tech- 
nical personnel is something less than 1 per- 
cent of the people with whom I work. Our 
worst lack seems to be enlightened leader 
ship, and the trouble starts at the to, 

—B. M 


To the Editor: 

I have read your editorial very carefull 
and I certainly agree with everything that 
you have said in it. It would be a very good 
thing if everyone would read this and apply 
to themselves all of the truths which vou 
have outlined. We see every day eonditions 
arising which make the things that you have 
said stand out vividly in our own mind. | 
do not know what can be done to offset 
some of these things, but you have pointed 
out many things which might be done and 
I believe if these suggestions were follewed, 
we would get better conditions. 

—E. D. Vancn, 
Manager of Engineering, 
The Cincinnati Milling Machine Co 


Comment on 
Patent Suppression Abstract 


To the Editor: 

I have read the article ““Ihe Suppression 
of Patents” by Alexander Morrow, abstracted 
in the February issue of Product Engineer- 
ing. Those of us who have practical ex- 
perience with these matters know that it 
is very rarely that there is any suppression 
Of patents. Anything that is profitable 
1mong patents is rarely left unused. But 
thousands of patents must be taken out be 
fore one of them is sufficiently valuable t 
constitute the basis for a commercial ope! 
ation. There is no company in the United 
States rich enough to put into commercial 
operation all of the patents that it takes out 


The error in Mr. Morrow’s thinking 15 
this: the primary purpose ot patents is not 
use. ‘The primary purpose 1s publication of 


inventions through patents and the reward 
of a monopoly is for publication. Our Con 
stitution recognizes this fact and so have ou! 
statutes by not requiring the use of a patent, 
but only its publication to get a reward 
The value of publication is enormous 
our economy because it aids thousands ot 
inventors and companies to profit from it 1 
their own research and development eng! 
neering work even though it might no 
practical enough or commercial enough to 
justify its owner to go into business under tt 

The whole subject of suppression of pat 


onal 


ents is in difficulty for this lack of inder 
standing of the practical reason wiiy ou! 


founding fathers and our great leg sators 
have always insisted that the patent rewat¢ 
is for publication and not for manufactur 
Mere manufacture would only benefit a com 
pany and a limited number of its customer. 
but publication benefits evervone intcreste¢ 
in the entire nation. 

Mr. Morrow has missed the point in 4 
article. —H. A. Toul n, Jt 
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Standard Small Motors 
Can Fit Most Design Needs—lII 


CYRIL G, VEINOTT 


Section Engineer, Small Motor Division, Westinghouse Electric Corporation 


Fundamental principles of operation, proper application, and performance of shaded-pole, synchro- 


nous, universal, direct current, and other types of fractional horsepower motors are discussed. 


IN ADDITION to the split phase and 
capacitor types of motors discussed in Part 
I of this article in Propucr ENGINEERING, 
April 1946, page 313, there are other 
diversified types of standard small motors 
that often fit the needs of product designers. 
These types include shaded-pole, synchro 
nous, universal, direct current, and others. 


SHADED-PotE Morors. Shaded-pole mo- 
tors are built in ratings up to about 1/20 
hp. The rotor is of the conventional 
squirrel-cage type and the stator consists 
of salient poles. A portion of each pole is 
“shaded”, that is, surrounded by a short- 
circuited coil. Without shading coils, 
when excited by single phase a.c. this motor 
tends to set up a magnetic field, pulsating 
in magnitude, but stationary in space. Add 
ing shading coils has the effect of reducing 
the flux within each shading coil and caus 
ing it to lag in time phase behind the flux 
in the unshaded portion of the main pole. 
Consequently, the effect is to produce a 
shifting field, the field shifting from the un- 
shaded to the shaded portion. This shading 
coil stays :n the circuit at all speeds and the 
motor requires no starting switch. 
of starting switch, 


Absence 
commutator, brushes, 
or any sliding contact whatever, makes this 
a reliable and sturdy motor. 

The typical performance curve of a shad 
ed-pole motor in Fig. 1 reveals that the 
locked-rotor power input is only about one- 
third more than that for full load. Because 
of this, many shaded-pole motors can be 
stalled indefinitely without harm, thus the 
Shaded-pole motor is especially suitable for 
many applications. 

Shaded-pole motors are well suited to 
fan applications where speed control is 
required. When used with a fan load, speed 
control can be obtained by changing the 
voltage impressed on the motor by: A 
series Choke, a tapped winding, or an auto- 
transformer. By any of these three means, 
spec! is changed by changing the slip. 
Therefore this method has the same _in- 
herent limitations as discussed for the single 
valuc Capacitor motor. 

Shaded pole motors are used for driving 


Propucr ENGINEERING — May, 1946 

























































































1,800 
1,600 
1,400 
E 1,200 
o 
eg 
50 - 1,000 
eo 
iJ 
40 & 800 
v” 
a 
3 30 600 
4 
~ 20 400 
jem 
; 
+ $6 200 4 me oe 
| ) | | 
0 | 
09 { 2 3 4 5 6 7 8 9 10 


Torque, 0z.-in. 








Fig. |—Performance curves for a shaded-pole motor. To obtain best efficiency 
the motor is worked near the pull-out torque where the fan speed-torque curve 
crosses at A. Because the watts input for locked-rotor conditions is only 50 
watts as compared to 37 watts for full load, stalling the motor does no harm. 


all types of control and regulators, animated 
signs, or almost any application requiring 
a very small amount of power. The ordi- 
nary type of shaded-pole motor cannot be 
reyersed. However, with two shading wind 
ings, and by closing either one or the other, 


either direction of rotation can be obtained. 


One interesting application of a reversible 
shaded-pole motor is to turn the microm 
eter screw up and down in an electronic 
micrometer. When the micrometer screw 
makes contact the motor is reversed by 
means of an electronic circuit; when the con 
tact is broken the same electronic circuit 
again reverses the motor, thereby causing a 
hunting action that places the micrometer 
screw just barely in contact with the object 





it 1s measuring. An advantage of this auto 
matic electronic micrometer is that it can 
be used to take rapid and exact measure- 
ments of elastic bodies such as rubber, or 
of elements like various diaphragms used 
in aircraft instruments while they are being 
tested altitude chamber By 
proper adjustment of the motor speed, the 
range of motion of the micrometer tip can 
be limited to perhaps less than ten millionths 
of an inch. The micrometer will fol- 
lew with this accuracy any 


inside an 


hanges in the 
position of a diaphragm, for example, as 
the pressure or temperature on it is changed. 
SYNCHRONOUS Morors Small svynchron- 
ous motors are widely used in instrument 
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Fig. 2—Rotor of 4 pole reluctance-type synchronous motor. There are as many 


notches in the rotor as there are poles. 


starting characteristics. 


The squirrel-cage bars improve the 





Fig. 3—A reluctance-type synchronous motor spins this four commutator "Flying 
Tiger" dynamotor armature at absolutely constant speed while it is being bal- 
anced by this electronic balancing machine. 


and control work where exact speed is neces 
sary. Unlike large synchronous 
direct current excitation, 


motors 
small syn 
hronous motors such as used in instruments 
are non-excited 


using 


There are numerous ways 
of constructing small synchronous motors, 
most of which can be grouped as either the 
reluctance type or the hysteresis type 
Reluctance type motors generally have 
rotors that look like the conventional squir 
rel-cage rotor used in induction motors, 
except that there are grooves, or notches, 
cut in the iron as shown in Fig. 2. If the 
stator is wound for conventional polyphase 
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excitation, a rotating magnetic field will be 
formed, and the projections caused by the 
notching of the rotor will lock in with this 
field and will rotate at the same speed as 
the magnetic field itself. There are as many 
notches in the rotor as there are poles 
\s in Fig. 2, squirrel-cage bars are left in 
the cut-out portion to provide better start- 
ing characteristics 

Reluctance type synchronous motors 
operate satisfactorily with a single phase 
supply and with any of the popular starting 
arrangements. For example, the reluctance 
tvpe motor can be wound as a split-phase, 


capacitor-start, or single-value capacitor 
motor. Reluctance type synchronous motors 
ire generally larger than the corresponding 
induction motors. For any given set of parts 
only about one-third to one-half of the power 
can be obtained from the synchronous motor 
as can be obtained from an induction motor 
That is, a 1/12 hp. synchronous motor would 
be about the size of a corresponding 1/4 hp 
induction motor. 

An important consideration when apply 
ing synchronous motors is that the inertia 
of the connected load must be kept low 
because the rotor poles must lock in sud 
denly with the rotating field. This cannot 
be done if the connected inertia is too high 

Two common applications of reluctance 
synchronous motors are for driving record 
ing and temperature indicators, and for air 
craft instrument applications where 400 
cycle polyphase synchronous motors provide 
precise speed. Another interesting applica 
tion of synchronous motors is to drive a 
dynetric balancing machine, such as in 
Fig. 3. This is an electronic balancing ma 
chine in which constancy of the speed of 
the apparatus being balanced is necessary for 
precise determination of the unbalance 
For this reason, a split-phase reluctance 
type synchronous motor is used. Other 
interesting applications of reluctance type 
synchronous motors include facsimile picture 
transmitters and receivers, motion-picture 
projectors, polar oscillographs, phonograph 
recorders and testers for calibrating centrif 
ugally operated fuses. 

Hysteresis type synchronous motors are 
also widely used. They are not, as some 
times supposed, merely small editions of large 
sahent pole synchronous motors using perm 
anent magnets instead of d.c. excitation 
Hysteresis motors have no salient poles, 
but merely smooth rotors. 

Fundamental principles of operation can 
perhaps be best understood by considering 
a conventional polyphase induction motor 
with a cylindrical rotor and no squirrel-cage 
winding. With the primary excited and 
the rotor at standstill, there are iron losses 
in the rotor consisting of hysteresis and eddy- 
current losses. The hysteresis loss in the 
rotor expressed in watts is equal to the 
hysteresis motor torque expressed in syn 
chronous watts. 

For example, suppose that the hysteresis 
loss in the rotor at standstill is 10 watts; 
then the standstill torque developed by the 
motor is the torque required to deliver an 
output of 19 watts at the synchronous speed 
of the motor. Theoretically, with a poly 
phase synchronous motor of the hysteresis 
type, the hysteresis torque is the same at 
all speeds from standstill up to synchronous 
But practically, there are deviations. Single 
phase hysteresis motors may have a stator 
winding of any of the following kinds: Split 
phase, capacitor-start, single-value capacitor, 
or shaded-pole. 

\ hysteresis motor with the rotating sec 
mdarv surrounding the stationary primary 
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is generally called an umbrella type. The 
smooth rings inside the rotor are made of a 
material having a high hysteresis loss per 
cycle. Such a motor-driven gyroscope is 
shown in Fig. 4 and it has the advantage of 
unvarying speed at all altitudes. Shaded- 
pole hysteresis type synchronous motors are 
widely used in meters, recording instru 
ments, clocks, and timing devices. One 
design operates from a 60 cycle circuit at 
a speed of 600 r.p.m. and requires but 1.6 
watts input with five-millionths of a hp. 
output. 


Position Inpicators. Certain types of 
small motors with three phase wound rotors 
are used as a position indicating system be- 
tween remote points. 

A simple system is shown in Fig. 5. 
lt consists of two motors interconnected 
electrically put physically separated from 
each other. When electric power is ap- 
plied, the rotors of the motors do not run 
but remain stationary. However, when one 
rotor is turned mechanically, the rotor in 
the other motor rotates precisely the same 
number of turns or part of a turn. Such a 
system can, for example, transmit the exact 
level of liquid in a tank located in the yard 
to a remotely located office. A float in the 
tank mechanically turns the rotor of the 
“transmitter” motor as the level of the 
liquid changes. Inside the office, the “re- 
ceiver” motor makes exactly the same num- 
ber of revolutions and the tank level is 
read directly from the dial connected to 
the receiver motor. 

As shown in Fig. 5, each unit of the 
sending and receiving end has a single-phase 
primary, usually of salient-pole construction. 
Each secondary uses three-phase windings. 
It is not particularly important whether the 
primary or the secondary is the rotating 
member, and position indicators are built 
both ways. 

The basic principle of operation is fairly 
simple. When power is applied to the two 





Fig. 4—This small instrument gyroscope 
is driven by a polyphase hysteresis syn- 
chronous motor. Unit is interchange- 
able with an air-driven gyroscope. 
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primaries, the secondaries assume “‘cor- 
responding positions.” If the machines are 
of identical design, the two secondary volt- 
ages in the respective phases are equal and 
opposite in magnitude. The voltages in all 
three of the windings are in time phase 
because they are all induced by the same 
single phase source and there is no rotating 
field. 

If the rotor of the transmitter is turned a 
little, the voltages induced in the respective 
three windings of this machine are no longer 
the same as the voltages induced in the 
respective three windings of the receiver. 
Consequently, since the voltages are no 
longer equal and opposite, current circu 
lates between the two secondary windings 
The circulating current develops a torque in 
both machines. The torque developed in 
the transmitter resists the mechanical mo- 
tion turning the rotor; the torque in the 
receiver tries to move the rotor to a position 
where the secondary voltages are again equal 
and opposite. Thus, the receiver can follow 
the motion of the transmitter, and if not 
restrained, it does so with a high degree of 
accuracy. 

A position indicating system may have 
more than one receiver. Such systems are 
widely used in industrial work for remote 
indication of the position of various meters, 
valves, and devices. Unfortunately, there 
is no generally accepted term for a position 
indicator. They are known by various names 
such as, position motor, selsyn, autosyn, 
diehlsyn, and synchrotie. For specialized 
applications, such as remote indicating air- 
craft instruments, other systems such as 
magnesyns and the d.c. type of position 
indicators are often used. 


UniversaL Morors. Universal motors are 
essentially d.c. series motors, except that the 
field poles are laminated. Universal motors 
will operate from d.c. or a.c. of frequencies 
up to 60 cycles. Ratings up to 1/4 hp 


are usually __salient-pole —_ construction 





Speed-torque characteristics of a typical 
universal motor are shown in Fig. 6. For 
any given load, the motor runs slower on 60 
cycles than it does on d.c. or on 25 cycles 
The two main reasons why the performance 
is different on a.c. than on d.c. are reactance 
voltage and saturation effect. Reactance 
voltage tends to make the motor run slower 
on a.c. and saturation effect causes it to run 
faster than on d.c. power. Reactance volt 
age is the voltage drop caused by the react 
ance of the motor, a voltage drop that is 
not present in d.c. operation. Therefore, 
the voltage available for the armature is 
less on a.c. operation than on d.c. operation, 
and consequently the motor runs slower 
However, because of the effect of saturation, 
a given root mean square value of a.c. will 
produce less r.m.s. flux than the same d.c. 
power. Therefore, the net result of the 
saturation effect is to reduce the flux in 
the motor, and thus increase the operating 
speed at any given current. Since the curves 
for d.c. and 25 cycle operation in Fig. 6 
are Close together over the operating range, 
it is evident that these two effects just about 
cancel each other at a frequency of 25 
cycles and excellent “universal” operation is 
obtained. However, at 60 cycles the react 
ance effect predominates, causing a slower 
speed on 60 cycles. This is generally char 
acteristic of the salicnt pole type 

Better universal motor characteristics are 
produced by compensated universal motors 
Compensating windings neutralize the flux 
that would be set up by armature reaction 
and prevent field distortion. Neutralization 
of this flux also reduces the reactance volt 
age. The overall result is the improved 
characteristics of Fig. 7. Applications re 
quiring more than 1/4 hp. generally use 
compensated universal motors 

Split-series universal motors are particu 
larly useful for applications requiring re 
versing service or speed control. The motor 
has two field windings, one for each direction 
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Fig. 5—Schematic diagram of two position indicators with single phase pri- 
maries. When the primaries are excited neither motor runs. However, when 
the rotor of the transmitter is turned mechanically, the rotor in the receiver 
will turn and follow exactly the movement of the transmitter. 
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Fig. 6—Speed-torque curves of a !/, hp., 8,000 r.p.m., 
salient-pole noncompensated universal motor when oper- 
ated on d.c., 25 cycle and 60 cycle alternating current. 


of rotation. Simplicity of reversing and ease 
of control are the that for the 
single-value reversible capacitor motor previ- 
ously discussed. Universal motors with 
tapped fields are often used for speed con- 
trol. However, they must be carefully ap- 
plied because of the inherent varying-speed 
universal motors. 


same as 


characteristic of 


Relatively constant speed canbe ob 


tained from a universal motor by the use 
ot a centnfugally operated governor, con 
nected as in Fig. 8. When the speed of the 
motor increases above a pre-set value, cen 
contacts. The con 
motor circuit but 


series with it. 


trifugal force opens the 
tacts do not open the 


merely insert resistance in 

Some governors are built for only single 
speed of operation. Others are adjustable 
for a range of speed, the adjustment being 
made with the motor either stopped or 
running, depending upon the design. For 
example, a governor controlled universal 
motor is used on an electric typewriter and 
the governor speed setting is changed by a 
simple lever. Changing the speed of the 
motors changes the force of the blow of the 
type bar, end consequently the number of 
carbon copies that can be typed. 


Universal motors are widely used on mo 
tion picture projectors, particularly for the 
In some applications, two 
speed governor controlled motors are used; 
one speed is for sound pictures at 24 frames 
per second, and the other for silent pic 
tures at 16 frames per second. ‘The two 
speeds are obtained by the use of two sep 
arate governors; a simple switch selects the 


l6-mm. size. 


speed by selecting the proper governor. 
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Fig. 7—Speed-torque curves of a !/, hp., 4,000 r.p.m., 
compensated universal motor when operated on d.c., 25 
cycle, and 60 cycle, power showing improved operation. 
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Fig. 8—Two typical connection diagrams for nonreversible governor-controlled 
universal motors. Increasing speed causes the contacts to open thus inserting 
resistance in the circuit causing the motor to slow down until the contacts close 
again, and the cycle repeats. The capacitor increases the life of the contacts. 
(A) connection for three wire motor; (B) for four wire motor. 


D.C. Morors ann Dynamorors. In addi instrument service is a small motor, on! 
tion to universal motors that can operate 3.1/4 inches in diameter, that accelerates 
on d.c., there are four other major types 1 heavy flywheel from standstill, to 12,0! 


Shunt, 
Split-series is in 


r.p.m. in 1/5 sec., developing 22 hp. 
top speed. ‘This is an exceptionally shor 
duty cycle, and the output per pound of 
weight is unusually high. 

construction of small 
motors, such as used for a radar scan 


of small d.c. motors: series, Com 
pound, and _ split-series. 
cluded as a basic type because of its present 
widespread use, particularly in aircraft work 
for control applications and for reversible Explosion-proof 
actuators dic. 
ning application, is obtained by having a 
small volume of air inside the motor and | 
providing close clearances and long fi 
If any explosion occurs inside the mot 

the flame is sufficiently cooled by pass 

through the long thin passages that it can 


not ignite any explosive mixture surround 


An interesting new application is an cle 
trical torque meter currently being devel 
oped for aircraft engines that requires con 
stant freqency power. 
400 cycle power, the small motor generator 


To provide constant 


set of Fig. 9 uses a governor controlled con 
stant speed d.c. motor driving a permanent 


magnet alternator. ing the motor. 


Another application of d.c. motors fot Dynamotors, widely and_ extensi 
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used in radio work, are finding increasing 
usefulness. In effect, a dynamotor is to the 
d.c. system what a transformer is to the a.c. 
system; in short, it might be called a “d.c. 
transformer.” A dynamotor is actually a 
d.c. dynamo and d.c. motor telescoped into 
one unit, hence the name dynamotor. Both 
the motor and generator windings are wound 
in the same slots, and have the same field 
structure. Power is fed into the motor 
winding through a commutator, usually at 
a low voltage; output is obtained from the 
high voltage winding by a second commu 
tator, usually located at the opposite end. 

In the conventional dvnamotor just 
described, the output voltage at any load 
is closely proportional to the input voltage. 
To overcome this limitation, the special 
“Flying Tiger” fype dynamotor shown in 
Fig. 10 supplies constant output voltage 
despite normal variations of the input volt- 
age. ‘This charactertistic is obtained by the 
use of two field structures and two armatures 
both on the same shaft. One armature 
carries both input and output windings; 
the other armature has only output wind- 
ings. This second armature is, in effect, 
a booster armature. Regulating the field of 
the booster controls the output voltage. 
An automatic voltage regulator holds the 
output voltage constant by regulating the 
field of the booster. 

In addition, this special dynamotor has 
three output windings, and hence, four com 
mutators. Thus it has three output volt 
ages, all of which are regulated so as to be 
essentially constant and independent of the 
voltage input over the usual range of input 
voltages. Only a single voltage regulator is 
used, and all three output voltages are con- 
trolled together. The dual armature from 
one of these unusual dynamotors with fout 
commutators is shown in Fig. 3 while being 
balanced in the dynetric balancing machine. 


THERMAL OVERLOAD PROTECTION. Over- 
load protection is desirable in many small 
motor applications and is often an integral 
part of the motor. For example a_ typical 
thermally piotected capacitor-start motor 
uses a built-in disc-type thermostat. The 
thermostat is located near the windings and 
responds both to heat received from the 
windings and to line cunent that flaws 
thiough a heater in the thermostat. The 
thermostat Leater alsy provides lucked toler 
protection. ‘The motor can be locked on 
the line or operated at any degree of over 
load without danger of burning out the 
windings. When a dangerous temperature 
is approached, the thermostat disconnects 
the motor from the line. After the motor 
ools down to a safe temperature, the therm 
stat automatically re-starts the motor. 
When the thermostat is used to protect dual 
oltage motors, the heater is connected in 
‘cries with only one of the two parallel cir 
uits, but the contacts are connected in 
ries with the line. 

'hermal protection is also used on many 
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Fig. 9—Constant-frequency motor generator set for supplying power to a 





torque meter for airplane engines. A governor controlled d.c. motor drives a 
permanent-magnet alternator to produce an unvarying 400 cycle power supply. 





Fig. 10—By regulating the field of a booster built into this dynamotor, three 
uulput vollages are maintained practically constant during ordinary changes of 
ihe inpu! voltage. Usually changes in input voltage are reflected in output. 


small aircraft motors The thermostat 
limits the maximum = armature’ winding 
temperature, which in these motors is the 
limiting temperature, to approximately th« 
same value at all ambient temperatures 
Therefore the armature winding never ex 
ceeds a predetermined total temperature 
In contrast, external current-operated dc 
vices allow the same temperature rise re 
gardless of the ambient tempcraturc 


As the nation swings into full peacetime 
production an increasing number of new 


ind redesigned products will require small 
motors Ihe choice of the nght fractional 
horsepower motor will be merely a matter 
cf matching the performance character- 
istics of the motor to the starting and run- 
ning needs of the product. This will be rela 
tively easy since standard motors offer such a 
vide range of starting and running char- 
icteristics. Although peacetime products will 
vary widely, designers will generally find suit- 
ible motors for their new and _ redesigned 
products among the diversified types of 
standard fractional horsepower motors 
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How To Disclose Your Invention 
For Maximum Legal Protection 


KECENT FIGURES from the Official Gazette 
of the United States Patent Office indicate 
clearly that the number of issued patents 
is on the upswing. Unfortunately, how 
ever, the majority of infringement cases are 
being decided against the patentee. This 
would seem to indicate that the increase in 
quantity of patents is accompanied by a de- 
crease in quality. Various reasons have 
been assigned for this trend; among them, a 
change in attitude on the part of the Patent 
Office and on the part of the courts. It is 
quite evident, however, from an examination 
of recent cases, that many of the poor pat 
ents issued recently are the result of inade 
quate liaison between the inventor and his 
attorney. 

The largest part of the expense of ob- 
taining a patent is usually the attorney’s fee, 
based on the amount of time he spends 
on the case. Thus, it is common sense for 
the inventor to make the most of his attor- 
ney’s time. To avoid wasting time in need- 
less questioning and research on the part of 
the attorney, the inventor should know the 
subject thoroughly. Generally speaking, the 
technical aspects of an invention are the 
problems of the inventor, while the legal 
aspects, matters of form, and the conduct of 
business with the Patent Office are the re- 
sponsibility of the attorney. 

Unfortunately the enthusiasm for a new 
idea sometimes blinds the originator to pos- 
sible shortcomings. Analysis of one’s own 
invention is in some ways analagous to a 
parent’s criticism of his own child. The 
inventor should therefore attempt to look at 
his “brain child” from an unbiased and 
detached point of view, recognizing faults 
as well as advantages. 

In first presenting an invention to an 
ittorney, the record of invention, including 
the evidence of conception, notes as to re 
duction to practice, laboratory notes and a 
model, are of considerable assistance, but 
they do not present the entire picture. De 
pending on a model as the only means of 
disclosing invention to an attorney is fre 
quently a mistake. While models are of 
some assistance in illustrating the physical 
principles involved in an invention, they are 
usually not representative of the finished 
product in its best form. Furthermore, 
models are frequently bulky and awkyard 
to handle, and few attorneys have adequate 
facilities for storing them in their offices. 
It is usually preferable, after the attorney’s 
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first examination of the model, to substitute 
a photograph, properly annotated, which can 
be filed or sent through the mail. 

The best form of presentation is a com 
plete description accompanied by drawings 
or sketches. Such descriptions are referred 
to by various titles such as “Amateur Speci- 
fications’, ““Inventor’s Disclosure” and “‘Pre- 
liminary Disclosure’. It will be referred to 
hereafter as a Preliminary Disclosure. A 
typical Preliminary Disclosure and its ac- 
companying drawings are illustrated on these 
pages. This form is illustrative only, since 
no one form could cover all types of inven 
tion. 

The drawing can be a pencil sketch but 
should be carefully executed and_ large 
enough to show all the parts clearly. It is 
wise, while making the drawing as large as 
possible, to keep it letter size (84 in. x 11 
in.). It is also advisable to make the draw 
ing on tracing paper in order that several 
copies can be made. 

Working drawings are frequently more of 
a hindrance than help in illustrating an 
invention. The notes to machinists, toler 
ances, detailed data as to heat-treatment, 
plating or other shop processes, and the 
meticulous dimensioning of working draw- 
ings only clutters them up from the attor- 
ney’s point of view. Photographs alone are 
ilso inadequate illustrations for the pre- 
liminary specification. It is difficult to make 
notes and reference figures on them and 
frequently they fail to show clearly the most 
important elements of the invention. 

Since the attorney is accustomed to read- 
ing and describing drawings made according 
to patent office requirements, it is usually 
advisable to follow this practice to some 
extent in making the sketches to accompany 
a preliminary disclosure. One practice ob 
served in Patent Office drawing that it is 
wise to follow, is the use of numbers rather 
than letters in designating the various parts 
of the drawing. It is customary to number 
the parts in the order that they appear in 
the description, starting with a number 
larger than the number of figures. If this 
procedure is observed, section lines can be 
designated with the number of the figure 
showing that particular section. It is also 
advisable to avoid the use of dotted lines 
to show hidden surfaces except where this 
is essential to illustrate some point in the 
description. A brief outline of the conven- 
tions used in patent office drawing is given 


in the Rules of Practice which may be 
obtained, free, from the Patent Office. 

The Preliminary Disclosure should, in 
general, follow the conventional form used 
in the preparation of patent specifications. 
This form usually should be made out as 
follows: 


1. Delineation of the art in which the in 
vention falls, giving the general and par 
ticular fields of use. 

2. A discussion of the prior art involved, 
with particular reference to disadvantages, 
inadequacies and problems that resulted in 
the present invention. 

3. The objects of the invention specifically 
cnumerated. It is wise to avoid such vague 
generalities as: “It is an object of this in 
vention to provide an improved mouse trap”’. 
Rather, one should say: “It is an object of 
this invention to provide a mouse trap which 
does not require resetting. It is another ob 
ject of this invention to provide a mouse 
trap in which the bait cannot be stolen.” 

4. A brief description of the various fig 
ures of the drawing. 

5. A detailed description of the construc 
tion shown in the drawing. Alternate forms 
and alternate materials may be just as im 
portant or even more important than the 
forms and materials specifically illustrated 
For this purpose, it is wise to use such an 
expression as this: “While it was necessary 
to make gasket 7 of non-inflammable ma 
terial in the machine illustrated, it might 
and probably does have many other appli 
cations in which it would not need to be 
non-inflammable. In these other applications 
a gasket constructed of cork or fibre, pape: 
etc. could be used.” 

6. A closing paragraph or two showing 
how the invention accomplishes the objects 
originally set forth. Again it is well to re 
member that there may be many other uses 
and forms which the invention may take 
and to try to anticipate all of these 


Self-Appraisal 


It would seem obvious that the inventor 
should be thoroughly familiar with the art 
in which his invention lies. This, unfortu 
nately, is frequently not true. Many an in 
ventor adopts an ostrich-like attitude and is 
afraid to look at the related art for fear 
that his alleged invention may be found to 
be anticipated. If, at the suggestion of the 
attorney, a search is made before preparing 
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HYDRAULIC TACHOMETER 


Preliminary Disclosere 


This invention relates generally to the measurement of rotary speeds, and 
more particularly to sensitive tachometers which take no power from the 
apparatus under test. 


Tachometers usually make use of either centrifugal force operating through a 
mechanical linkage, or magnetic drag working against a spring. The first 
method is inaccurate in that friction losses are introduced, and the second 
method involves the use of a permanent magnet the strength of which may 
change rendering the measurements inaccurate. 


One object of the present invention is to provide a tachometer which con- 
tains no mechanical parts. 


Another object is to provide a tachometer in which the characteristic deflec- 
tion does not change with age. 


Still another object is to provide a tachometer unaffected by surrounding 
magnetic fields. 


In the attached drawings, : 

Fig. | is an isometric view of a tachometer constructed according to the 
invention and mounted on an electric motor under test, 

Fig. 2 is a section taken on the line 2-2 in Fig. I, ’ 

Fig. 3 is a section through one modified form of expansion chamber used 
in the invention, and 

Fig. 4 is a second modified expansion chamber. 

in the present embodiment, the device has a T-shaped body 5 with an open- 
ing in the lower end which can be clamped like a collar onto the rotary 
shaft whose speed it is desired to measure. 


The sensitive elements are two expansion chambers 10-10, which are inter- 
connected by a passage through the body 5. The chambers 10-10 are filled 
with a liquid 8 and may be ubes bellows as shown in Fig. 2, aneroid cells 
14 as shown in Fig. 3, or may be chambers in the body 5 covered with thin 
diaphragms |5 as shown in Fig. 4. In any case, the chambers are so arranged 
that the centrifugal forces occasioned by rotation of the body 5 about its 
longitudinal axis cause expansion of the chambers. If desired, weights 7-7 
may be attached to the chambers to increase the centrifugal forces. In the 
form shown in Fig. 4, no weights are used, the weight of the liquid being 
relied on to expand the chambers by bulging out the diaphragms 15-15. 


In order to accurately measure the change in volume of the chambers, a 
capillary tube 9 is employed. The tube ? is mounted co-axially with the 
body 5 and connected to the passage which joins the chambers. A suffi- 
cient quantity of the liquid 8 is placed in the chambers to bring the level 
up into the tube where it may be read against a stationary scale 12 as indi- 
cated by the numeral || in Fig. 2. The position of the liquid level II will 
depend on the degree of expansion of the chambers 10-10, which in turn 
is dependent on the speed of rotation of the body 5. 


GENERAL OBSERVATIONS 


The use of relatively heavy liquids ilke mercury and carbon tetrachloride in- 
crease the sensitivity at low speeds. 


The expansion chamber should preferably be made of relatively iso-thermal 
material — although steel, brass, phosphor bronze, beryllium copper, and 
similar materials may be used. 

The liquid 8 should be colored for ease of observation. 

The scale divisions 13 may be engraved or etched on the tube 9. 


Provision should be made to slide the scale 12 up and down to ‘'zero'’ it 
before taking readings. 
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Sketches should be made in accordance with regular 
patent office —— as shown above. Reference 
numbers should be fully explained in the descriptive sec- 


Motion of the liquid in the tube 9 may be used to actuate governor controls 


tion Preliminary Disclosure, shown at the left. 





and filing an application, the inventor should 
read the “references” (prior patents in the 
related art) and understand them thor- 
oughly. In reading prior patents found by 
the searcher, particular attention should be 
paid to the drawings and the description, 
the claims being of no particular value in a 
“pre-ex’’ (preliminary examination) search. 
It should be remembered that the purpose 
of the pre-ex search is to discover anticipa- 
tion rather than to decide whether any 
patents may or may not be infringed. 
The alleged invention illustrated in this 
article was well and truly anticipated; that 
is, somebody else thought of it first. Two 
the most pertinent references cited against 
the “Hydraulic Tachometer” are reprinted 
i part in Figs. 2 and 3. The reader may 
wish to test his ability to read patents by 
examining the cited patents to find the vari- 
ous elements analogous to those in Fig. 1. 
As a final aid to the attorney, the inventor 
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should carefully check over the specification 
and claims before the application is filed. 
Again, he should keep in mind that matters 
of form and phraseology, are definitely prob- 
lems of the attorney, the inventor should 
devote his efforts to a careful analysis of 
the claims. 

During the prosecution of the application, 
the inventor should study all”actions which 
relate to the merits of the invention. If, 
for example, a rejection by the Examiner is 
based on some prior art, the inventor 
should examine each reference carefully and 
attempt to aid the attorney in pointing out 
why this reference is not pertinent if such 
be the case. 

Often the prolific inventor will have sev- 
eral patent applications in process simul- 
taneously. Usually these will relate to the 
same art, possibly one of the applications 
being a basic or generic invention and the 
others being in the nature of improvements. 


In order to avoid the harmful effects of a 
practice known as “double patenting,” the 
inventor should check each application in 
its relation to the others before such appli 
cation is allowed to issue, and if possible, 
the various applications should be so man 
euvered that the basic or generic patent 
issues first. A careful attorney will always 
watch this, but it occasionally happens that 
an inventor may employ different attorneys 
for different applications, and thus a patent 
may issue without the attorney realizing that 
there are other applications to consider. 

During the preparation, filing and prose 
cution of the patent application, the in 
ventor should of course make it perfectly 
clear that his services are intended to aug 
ment and not replace the functions of the 
attorney. The competent attorney will recog 
nize the value of the inventor’s assistance 
given in this way, and a much more valu- 
able patent will result. 
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Damper 


Houdaille-Hershey 
N. Y. 
This unit consists of three parts: the damper 
mass, its housing and a bronze bushing. The 
viscous substance is Silicone fluid. ‘The 
housing is hermetically sealed to retain the 
fluid. ‘This device is a damper and not a 
detuner. The housing is attached to the 
engine crankshaft and the inner, free-run 
ning damper mass is separated from it by 
a thin film of the Silicone fluid. Because 
of the high viscosity of this fluid, the damper 
mass rotates at engine speed. When the 
plus and minus changes in velocity which 
produce vibration are transmitted from the 
crankshaft to the housing, the damper mass, 
being heavy In| Comparison, tends to con 


Corp., Buffalo ll, 
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Viscous Torsional Vibration tinue to rotate at constant speed. The vi- 


brations are damped by the drag of the 
viscous fluid separating the two parts and 
its resistance to the shearing action. 


Wire Wound Precision Resistors 


Resistance Products Co., 140 S. Second 
St., Harrisburg, Pa. 


These resistors are protected against cot 
rosion by a double impregnation of special 
insulating varnish. Labels of cellulose ace 
tate protect the windings. The resistors can 
be mounted by the terminals or by means 
of a 6-32 machine screw through the cente1 
hole of the unit. Type AFB is 9/16 in. 
diameter by 15/32 in. long. Type AGC is 
§ in. diameter by § in. long. Type AGF is 

in. diameter by 1 in. long. Type AJS 





ee : ™ 
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is 3 in. diameter by 1 9/32 in. long. ‘Type 
ALP is § in. diameter by 2 1/16 in. long 
Maximum resistance with use of .0014 in 
diameter nickel-chrome alloy wire is as fol 
lows:— Type AFB, .225 meg., Type AGC, 
450 meg., Type AGF, .800 meg., Type 


AJS, 1.50 meg., Type ALP, 2.75 meg 
Standard resistance tolerance is 1 percent, 
but tolerances of 4, $ or 1/10 percent can 


be furnished. 


Micro Conductivity Cell 


Industrial Instruments, Inc., 17 

Ave., Jersey City 5, N. J. 
This dip cell is made ef Pyrex glass, and 
measures 4 in. outside diameter by 6 in. 
long. ‘The platinized platinum electrodes 
are so positioned that only a few cubic cent 
meters of sample are required. A flexible 
rubber sleeve protects the lead wires. A 
selection of cell constants from 0.1 permits 
the checking of any solutions ranging from 
pure distilled water to fuming sulphur 
acid, when the cell is used in combination 
with a suitably calibrated solu-bridge or a 
conductivity bridge. 


Pollock 


Bellows-Type Pressure Gage 


Manning, Maxwell & Moore, Bridge] 
Conn. 


This low range pressure gauge is suitab! 
for indicating draft pressures or any !ow 
pressures of gases or liquids that are not « 
rosive to bronze. The pressure element 1s 
1 self draining bronze bellows with a p 
phor bronze calibration spring. Adjustable 
stops protect the bellows from excess p 
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sure or vacuum. It is supplied in 44 in. and 
6 in. phenol cases with } in. male pipe 
thread lowe> or back connection. Type 1188 
P is supplied in pressure ranges from 10 
in. Of water to 10 Ibs. pressure. It is also 
supplied as a low range vacuum gauge Type 
1188 V in vacuum ranges from 10 in. of 
water to 20 in. of mercury vacuum. 


Part Sorting Switch 


Micro Switch Diy., First Industrial Corp., 
Freeport, Il. 


\ switch for the automatic sorting of small 
parts. When the solenoid is de-energized 
the plunger assembly descends by gravity 
under control of the air dash pot. The 





pomt at which the plunger is stopped by 
the work beneath determines whether 
neither switch or one or both. switches are 
operated. A timer ip the electrical circuit 
controlled by these switches operates an air 
blast to blow the work into “OK” or “re- 
jection” bins. Electric lamps may also be 
used for visual indication of results. This 
switch is claimed to have a repeatable ac 


curacy of 0.0001 in. 


Sealing Compound 
Parker Appliance Co., Cleveland, Ohio 


A general-purpose thread and gasket sealing 
compound, known as Uniseal. ‘This organic 
product produces a seal against air, water, 
steam, gas, gasoline. oil, hvdraulic fluids, 
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and the aromatics. Testing is claimed to 
have shown virtual insolubility in gasoline, 
kerosene, Stoddard solvent, benzene, xylene, 
carbon disulfide, the ketones, acetones and 
the various aromatic aviation fuels. The 
product is a paste containing no free metal- 
lic particles. The compound flows to form 
ribbon gaskets, and blends with cut gasket 
material. Uniseal is effective under condi- 
tions of vibration, and at temperatures above 


300 deg. F. 


Variable Speed Drive 


Submarine Signal Co., 160 State St., Bos- 
ton 9, Mass. 


This unit, Servotron, operates an alternat- 
ing current and through an electronic con- 
troller runs a direct current motor at speeds 
which are infinitely variable within the 





motor’s speed and load capacity. It has 
dynamic braking and reversal without speed 
overrun. A line of drives from 1/50 h.p. 
to 5 h.p. is available. 


Multi-Pole Type Relay 


R-B-M_ Division, Essex Wire Corp., 
Logansport, Ind. 


A small a.c. multi-pole relay with shunt coil 
for electronic and communication applica 
tions. Standard voltages range from 14 to 
220 volts-60 cycle. Contacts are available 
in from one to four poles, normally open, 
normally closed or double break. ‘The double 
throw contacts can be “‘break-before make’”’ 
or ‘“‘make-before break”. Maximum contact 
rating—non-inductive, 3 amperes—24 volts 
a.c. | ampere—110 volts a.c. Coil rating 
is 11 volt-amperes—inrush; five volt- am 
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peres sealed. This relay is also available in 
single pole normally open double break con- 
tact, 10 ampere rating, at 115 volts. a.c. 
The approximate overall dimensions are: 


1-61/64 in. long; 1-34/64 in. high (four 





pole double. throw ); 1-35/64 wide. The heel 
piece of the magnet frame has two tapped 
holes for rear mounting and two pierced 
holes for front mounting. Solder type ter 
minals 


Drafting Instrument 


Stewart-Jackson Instrument Co., A. G. 
Bartlett Building, Los Angeles 14, Calif. 


An adjustable quadrangle combining draft- 
ing features not usually available in one 
instrument. Angles from 0 deg. to 90 deg.; 
pitch scales from 0 to 24/12; percentage 








slopes from 0 percent to 100 percent; sine 
or cosine functions and tangents may be 
found with the $&J Quadrangle. This in- 
strument has eight drawing edges, is rec- 
tangular in shape, and may be used as a 
triangle. The instrument measures 4 in. 
x 32 im: 


X-ray Scanner 


North American Philips Co., Inc. 100 E. 
42nd St., New York 17, N. Y. 


The scanner unit measures 32 in. long, 14 
in. wide, and 16 in. high and consists of 
a motor-driven table on which the speci- 
men and film move beneath an adjustable 
slit through which the X-rays pass. ‘Table 
speed is 4 to 14 in. per minute and can be 
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adjusted to suit each particular application. 
Ihe scanner records the geometric relation- 
ship of integrated components and spacings 
of segmented specimens. When fine grain 
X-ray film is used, enlargements may be 
made for more accurate determination of 
element position and condition. 


Calculating Device 


Heat-O-Meter, 424 West 42nd St., New 
York 18, N. Y. 


It is claimed this Heat-O-meter, a round 
dial with three concentric celluloid printed 
disks, eliminates the figuring usually neces- 
sary to determine radiation. This dial con- 
tains sizes of mains, returns, risers, radiator 
sizes and capacities, round and _ sectional 
boiler net ratings, chimney flue sizes and 
capacities with minimum and maximum 
heights, hot water tank sizes and capacities, 
fuel oil tank sizes and capacities, hot water 
generator capacities and other heating in 
formation. 


Torsional Spring 


Allied Control Co., Inc.. 2 East End Ave., 
New York 21, N. Y. 


A torsional spring arrangement designed to 
assure snap. The switch has a formed steel 
housing and heavy laminated Bakelite base. 
It is actuated by a slide-type molded Bake- 
lite button. The E-4 switch is supplied as 
single-pole double-throw, single-pole single 
throw normally open, or single-pole single 
throw normally closed. It is rated at 300 





watts a.c., 3 amperes at 115 volts a.c., 7 
amperes at 115 volts d.c. non-inductive. The 
switch is 15/6 in. long, % in. high, 9/16 
in. wide and weighs approximately 4 oz. 


Automatic Door Actuator 


Electrical Engineering and Mfg. Corp., 

4606 W. Jefferson Blvd., Los Angeles, 

Calif. 
This unit is designed for instant reversing 
and can be overridden in case of power 
stoppage. It is built for resistance to dam- 
age from vibration and has built-in thermal 
protection against damage from overload 
when the door to which it is fitted is acci- 
dentally blocked. Starting torque is 250 in. 
lb.; average torque at 105 r.p.m. is 170 in. 
lb. Unit operates on 32, 64, or 110 volts 
d.c. and can be modified to operate on 





110-volt, single-phase a.c. 


It has a mag- 
netic clutch, and three limit switches 
operated by cams that can be adjusted to 
modify the characteristics of the unit to 
meet various conditions. 


Layout Protractor 


Engineers Specialties Div., The Universal 
Engraving and Colorplate Co., 980 Elli- 
cott St., Buffalo 8, N. Y. 


Designed for extremely accurate layout work. 
The ruling and graduations are on the 
underside of the quarter-inch beveled plate 
glass of which the instrument is made. The 
circular edge of the glass is beveled to a 
thin outer edge through which the divisions 
are viewed. The graduations designate ten 
minutes of arc on the outer scale. This pro- 
tractor has cushioned metal handles and 
measures 134 in. x 74 in. 


Remote Control 


Yardeny Laboratories, Inc., 105 Chambers 
St., New York 7, N. Y. 


The dial can be set to any desired speed 
ind the speed changer will follow as fast 
as the electric servo motor can drive the 
speed adjusting screw. The dial can be 
calibrated in r.p.m., ft. per min., or gal. per 
hr. It is claimed that any speed within 
the range of the changer can be selected 
with an accuracy of 2 percent. In operation, 
Flectrol controls the rotation of the small 





motor used to adjust the pulleys or gears 
of the speed changer. Rotation of the 
speed selector dial causes this motor te 
drive the adjusting screw until the output 
speed of the controlled device corresponds 
to the speed selected on the dial 


Adjustment Nut 


E. S. Firestone Engineering Co., 1112 
Magnolia Blvd., North Hollywood, Calif 


The Pin-Point-Adjustment Nut permits 
micrometer settings to. 0.001 take-up on 16 
pitch threads with considerably finer ad 
justment possible on threads with increased 





pitch. 
spindle bearing adjustment to eliminate 
wheel wobble and achieve better wheel 
alignment. 


It is adaptable to securing proper 


Industrial Wheel 


Thermoid-Grizzly Wheel Sales, Chicago, 
Til. 
These wheels have automatic lubricatio: 
the sealed bearings. Holes in the casting 
allow the rubber tire to expand under pres: 
sure, and contract when the pressure 1s Ie 
moved. It is claimed that the cut-resistant 
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rubber tread will not pull apart under any 
conditions and will not cut or mar floor 
surfaces. The “Grizzly Wheel’ is available 
in standard diameters of 6, 8,10, and 12 in. 


Center-tap Resistor 
Techtmann Industries, Inc., 828 N. Broad- 


way, Milwaukee 2, Wis. 
Ihe resistor consists of a core, machined 
from a solid piece of steatite, upon which is 
wound a helical resistance wire element. 
Center and end taps are half-straps clamped 
to the core. The tap assembly has brass 


isan sanae 





nuts and bolts and _ stainless steel lock 
washers. All parts are zinc plated. Protec- 
tion against fungus growths is provided by 
in additional chromate dip plating. 


Flash Capacitor 


lobe Deutschmann Corporai 
Mass. 


ion, Canton, 


With energy storage capacity of 100 watt 
seconds at a peak rating of 2500 volts d.c., 
the ““N-Erg-Y” capacitor is designed for us¢ 
with portable speed-flash units. It is con 
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tained in a hermetically sealed ‘steel case 
measuring 64 in. x 48 in. x 33 in. and weighs 
64 lb. An expected life of 10,000 charge- 
discharge cycles at peak rating, as well as 
ability to hold the peak charge for approxi- 
mately twenty-four hours is claimed for this 
unit. 


Packing Liner Fabric 


Protective Coatings Corp., 689 Main St., 
Belleville 9, N. J. 


Aquastop will withstand exposure to changes 
in temperature from 20 deg. F. to 175 deg. 
F, at maximum relative humidity, without 
cracking, tackiness, flow, loss of flexibility 
or waterproofness. All seams are caulked 
with Aquastop cement which effects a 


“chemical weld” of adjacent Aquastop liner 
panels thereby producing a sealed waterproof 
barrier between the contents and the ex 
terior wooden shipping box. The cemented 





seams are as strong and as waterproof as 
the liner material. When required, Aqua 
stop can be heat sealed at temperatures be 
tween 265 deg. F. and 310 deg. F. 


Remote Valve Control Assembly 
J. A. Zurn Mfg. Co., Erie, Pa 


These assemblies actuate valves located be 
low floor level, close to the ceiling or walls 
and partitions, and inside tanks or processing 
vessels. The essembly consists of a flexible 
ible, for transmitting torque to the handle 
of the valve to be operated, or a rod o1 
pipe connected by universal joints; a remote 
valve control box; sleeve bushings, terminal 








brackets, cable clips and a rod coupling for 
the valve wheel. The valve control boxes 
are made in cast bronze, steel, semi-steel or 
iron of various dimensions, and can be at- 
tached to masonry construction, metal or 
wood partitions. 


Flexible Diaphragm Cloth 


Irvington Varnish @& Insulator Co., 6 

Argyle Terrace, Irvington 11, N. J. 
The 80/80 base, Style DL-011 diaphragm 
cloth has good mechanical strength, and it 
is claimed that this cloth retains its flexibil- 
ity and is practically unaffected by wide 
temperature changes. It is available in stand 
ard 100- to 500-yd. rolls, approximately 37 
in. wide. 


Blower Wheel 

The Lau Blower Co., Dayton, Ohio 
The Lau Series “A” Blower Wheel is a 
center suspension wheel. It is claimed to 


have greater mechanical strength, truer con 
centricity and balance, and more efficient 





performance than ordinary types of blower 
wheels. Each blade is mechanically locked 
to the center disc. The end ring is narrower 
to permit greater air flow into the wheel 


X-ray Diffraction Tube 
General Electric X-Ray Corp., 175 W. 


Jackson Blvd., Chicago 4, III. 


These diffraction tubes have a target con 
struction which increases the heat loading 
by presenting the grain structure of the 
anode material in a dense condition at 
right angles to the surface. This is claimed 
to extend the useful life of the tube. Dif- 


fraction tubes are available with 7 types of 
targets: ‘Tungsten, molybdenum, copper, 
nickel, cobalt, iron and chromium. Silver 


and manganese, can be supplied on special 
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order. The increasing demand in diffraction 
work for use of longer wavelengths has 
brought about this multiplicity of target re- 
quirements. Development is proceeding on 
titanium and germanium. Various alloy tar- 
gets have been built for special purposes. 


Solenoid Valve 


Allied Control Valve Co., Inc., 50 Nor- 
walk, Conn. 


This unit weighs 1 lb., has a power con- 
sumption of 10 watts and operates under 
pressures to 150 Ib. per sq. in. It is a 
three-way, two-position valve designed for 
use with water, alcohol, hydraulic fluids, 
or air and is made for a.c. or d.c. opera- 
tion and for intermittent or continuous 
duty. All parts in contact with the fluid 
handled are of stainless steel; the coil is 
impregnated to withstand moisture and the 
stems are welded. 


Thyratron Tube 

Sylvania Electric Products Inc., Radio 

Tube Div., 500 Fifth Ave., New York 

18, N. Y. 
This thyratron, measuring 24 in. overall 
and mounted in a T-54 bulb is designed for 
electronic control applications where equip- 
ment must be compact, portable or light- 
weight. The tube may be operated in any 
position and is not affected by ambient tem- 
perature. Typical ratings and character- 
istics of the type 6D4 miniature thyratron 
are: heater voltage, a.c. or d.c. 6.3 volts; 
heater current 250 milliamperes; maximum 
voltage between elements 450 volts; heating 
time 30 seconds; maximum peak anode cur- 
rent 100 milliamperes; maximum heater- 
cathode voltage — 100 volts + 25 volts. 


Thermal Watt-demand Meter 


General Electric Co., Schenectady 5, New 


York 


This meter, operates on the “direct-heat” 
principal and is known as Type HI-1. The 
“direct-heat” principle is based on the use 
of temperature-sensitive, bimetallic spirals 
that act as their own heaters. The temper- 
ature-sensitive elements are attached directly 
to a shaft and gear. As the electric energy 
flows through the thermal element, the heat 
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produced causes the spiral to deflect, thus 
rotating the shaft and gear, which drives a 
red pusher pointer. Maximum demand is 
indicated by a black pointer, which is pushed 
up-scale by the red pointer. The meter is 
housed in a glass case, coated on the inside 
except for the circular front opening, to pro- 
mote uniform heat distribution within the 
meter and to aid in reducing effects of 
variable external temperatures. It has a 
manually-operated reset device, by which the 
black pointer can be turned down to con- 
tact the red pointer. The scale conforms 
to the standards approved by the joint 
committee of E. E. I. and A. E. I. C. 


Socket Screws 


Parker-Kalon Corp., 200 Varick St., New 
York 14, N. Y. 


The threads are ground on hardened stock, 
with no subsequent heat-treatment required. 
The socket head cap screws have the size 
marked on the head. The “gear grip” head 
design is claimed to prevent slipping and 
save time. 





Lightweight Plastic 


E. I. duPont de Nemours and Co., Inc., 
Wilmington, 98, Del. 


Called cellular cellulose acetate, or ““CCA,” 
this plastic combines insulation against heat 
and cold with structural strength when 
bonded between two sheets of metal, wood, 
or plastic. The thermal insulating proper 
ties of cellular cellulose acetate are virtuall; 
the same as those of cork, balsa wood, and 
other rigid insulating materials. The heat 
resistance of cellular cellulose acetate is such 
that thermosetting resins can be used to 
cement it. The material is uniform in den- 
sity. It is not brittle, nor will it crack or 
break down under vibration. The plastic is 
made in strip 34 in. wide, % in. thick, and 
of any desired length. 


Magnetic Disk Brake 
Stearns Magnetic Mfg. Co., Milwaukee 
4, Wis. 


The Series 1300 magnetic disc brake, de- 
signed for use on applications to 100 h.p. 
motor driven loads can be supplied in either 





floor or motor mounted types and for either 
alternating or direct current. The design 
permits replacement of any part without 
disturbing the brake assembly. 


Lock Nut 


Grip Nut Company, 308-] S. Michigan 
Ave., Chicago 4, Ill. 
The Gripco lock nut is a semi-finished, one 
piece, self-locking nut of standard dimen 
sions, not affected by oil, water or chemi 
cals. It requires no lock washers or cotter 








pins. The triangular deflections on the top 
provide a controlled friction lock. T! 

nut is free-spinning until the bolt thread 
contact the deflected threads near the 

of the nut. 


Silicone Rubber 


Dow Corning Corp., Midland, Mich 


Silastic, the heat-stable silicone rubber, when 
properly cured, has physical and mechan 
properties which recommend it for ind 
trial applications in which thermal stabilits 
and oxidation resistance, combined with 
waterproofness and high surface resistivit 
are important factors. Silastic can 
molded or extruded into any required sh 
It can be applied as a coating for glass cl 
metal or wire. It is useful as an elect 
insulating material and is a rubber-like b 
ing material for the fabrication of heat- 
stable, flexible and waterproof laminations 
of glass or asbestos cloth. 
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Charts for Fluid Friction Bearing Design—ll 


H. W. HAMM 
These charts, a continuation of a previous Reference where HH =the heat dissipation capacity in B.t.u. 
Book Sheet, aid in the design of bearings operating per hr. 
under fluid friction conditions. J’ = the air velocity in ft. per hr. 
Chart I is for the air cooling of bearings and other 14 = K X shaft dia. X sleeve length = bearing 
oil-containing housings, and is a graphical presentation surface in sq. ft. 
of the formula A the ambient temperature in deg. F. 
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H = 1.37 X 0.015 K V°* K 18 XK AT 40 to 50 


Continued on next page 


“H” Heat Dissipation Capacity , B.t.u Per Hr. 
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